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Computer-Assisted System For Electroceramic Tests
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Electroceramic Applications
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Abstract

This project involves sample preparation from starting materials in powder form.
Semiconductor devices were selected as sensor . Instruments for sampie testing that composed of LP
connector, NI PCI-6221 Card and LabVIEW and composed of ADC0809, 74L5244 , ET-PCI8255V3
Card and Visual Basic were constructed. Physical property of the samples were measured.
Application of the samples were demonstrated.  The siudied electroceramic materials were such as
conductive ceramics, NTC ceramics, thermoelectric ceramics, heating ceramics, varistor ceramics,
PTC ceramics, ferroglectric ceramics, piezoelectric ceramics, pyroelectric ceramics, ferramagnetic
ceramics, ferrimagnetic ceramics, magnetoresistance ceramics, magnetoglectric ceramics,
magnetoimpedance ceramics, magnetoelastic ceramics, electromagnetic ceramics, optical ceramics,
gas response ceramics and humidity response ceramics.

Keyword : conductive ceramics , NTC ceramics , thermecelectric ceramics , heating ceramics ,
varistor ceramics , PTC ceramics , ferrcelectric ceramics |, piezoelectric ceramics ,
pyroelectric ceramics , ferromagnetic ceramics , ferrimagnetic ceramics ,
magnetoresistance ceramics , magnetoelectric ceramics , magnetoimpedance ceramics ,
magnetcelastic ceramics , electromagnetic ceramics , optical ceramics ,

gas response ceramics , humidity response ceramics, LabVIEW, Visual Basic
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Abstract

This project involved sample preparation from starting materials in powder form.  Physical
property of the samples were measured. Application of the samples were determined.  instruments
for sample testing were constructed and composed of LP connectar, DAG Card and LabVIEW. The
studied electroceramic materials were such as conductive ceramics, NTC ceramics, thermoelectric
ceramics, heating ceramics, varistor ceramics, PTC ceramics, ferroelectric ceramics, piezoelectric
ceramics, pyroelectric ceramics, ferromagnetic ceramics, ferrimagnetic ceramics, magnetoresistance
ceramics, magnetoelectric ceramics, magnetoimpedance ceramics, magnetoelastic ceramics,
electromagnetic ceramics, optical ceramics, gas response ceramics and humidity response ceramics.
The results were :

conductive ceramics

LaCeO, and Zn, Al, O, resistors were studied and resistances were 47.30 €2 and 183.96 2,
respectively. The resistance value of the samples were a low value in ohm region. Samples were
conductive ceramics. The samples showed good electrical stability due to the independence of
resistance with time.  The samples showed good thermal stability due to the independence of
resistance with temperature. The samples had can be used as electrical resistor. Commerciaf fixed
resistor can be used as liquid level sensor.  ZnO pellet showed infrared response and can be used as
infrared absorber. The BaTiQ, (Ju) , Sr, .Pb, TiO, (Yoa) and BaTiC, (Su) that were voltage divider
circuit composition can be used for volitage selection for any work. Hall effect in ZnC pellet was
studied in ac electric field with the magnetic fieid of 0.26 Wb/m’ and found that Hall voltage was
0.015823 V. The concentration of moving electron in ceramics {n) was 5.21x10" electrons/m”.  Hail

devicce that made from ZnQ pellet will be used as magnetic field sensor.
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NTC ceramics

NiO+0.5Cr, 0, and MnO,+0.5Bi,0, were NTC ceramics that resistance decreased as
temperature increasing. The nagative values of the temperature coefficient of resistance (O} of the
samples that were calculated by measuring data were -1.286 %/'C WAL -1.22642 %/ C, respectively.
The resistances of NiO+0.5Cr,0, and Mn0O,+0.5Bi,0, were 99.5 Kk and 106 k Q2 respectively and
both showed NTC properties.  The NiO+0.5Cr,0, sample can be used as temperature sensor and
thermostat. The NiC+0.5Cr,0, sample can be used as temperature sensor by using the NTC eifect
and the refation of T=3.62V°-3.787V+24.621. The NiO+0.5Cr, 0, sample can be used as temperature
control sensor by using Greater of virtual instrument.  So, this sample can be used as temperatre
measurement and control sensor in electric oven.

thermoelectric ceramics

When the one surface of LaCoQ, was heated, thermoelectric voltage increased from -1 mV o
15 m¥ which showed that electrical carrier was a positive charge. This sample was p-type material.
When the one surface of Zn Al O, was heated, thermoelectric voltage increased from -0.5 mV to -3
mV which showed that electrical carrier was a negative charge. This sample was n-type material. The
LaCoO, sample was heated when heater was moved from left to right and right to feft, thermcelectric
voltage decreased and increased, respectively. The Zn, Al O, sample was heated when heater was
moved from left to right and right to left, thermoelectric voltage increased and decreased, respectively.
The sign change of thermoelectric voltage of both samples to be opposite value will indicate the heat
flow direction. 3o, both samples showed thermoelectric effect and can be used as heat heat flow
direction sensor. The LaCoO, received heat pulse, thermoelectric voitage vs. time in pulse shape on
computer screen in second unit.  So, this sample can be used for thermal pulse sensor. When
thermoelectric property of LaCoQ, sample was measured in magnetic field, thermoelectric voiltage
vs. time was a negative value and thermcelectric voiltage increased. 5o, this sample showed
magnetothermoelectric effect.
heating ceramics

The resistances of CuO+MnO, uax Zn0+0.17rQ, materials were 119 (2 and 307 €2 at room
temperature, respectively.  When current of 6.47 V flowed through both both samples for 2 min, the
CuO+Mn0O, sample will heat from 32 °C to 100 °C.  The ZnO+0.1Zr0Q, sample will heat from 37 °C to
100 °C. Both samples will be used as heating device. The CuO+MnO, sample showed heating effect
better than ZnO+0.1Zr0, little. When ac voltage of 12 V was sent to the series connection of load 39
Q and NiC+0.5Cr, 0, sample, voltagte drop across an heating material will change in the interval of
3.6 V-4.6V asairflowng. The changing voltage across on heating material will be relative to ar flow

velocity,  So, the sample cam be operate as air flow velocity sensor or air fow measuring device. The
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Zn0+0.1ZrQ, sample that showed heating effect can be used as small hot water device which will be
used for thermal property testing in the future.
varistor ceramics

Vollage was adjusted by using variac and sent to transformer to the series connection of load
and sample. When considered the current-voltage curve of the samples such as (10D391K]),
Zn0+0.01Ag,0, FeTiO, and Pb(Ti, ,Cr,,)O, found that breakdown voltage (BV) were 287, 60, 156 and
325 V and the non-linearity coefficient {(({) were 9.989, 4.35, 9.55 and 24.19, respectively. These
samptes that showed the non-iinearity current-voltage curve can be used as varistor and can be
applied as overvoltage protection device. The test technigues was treated for the function of
overvoltage protection of commercial varistor (CNR : 10D391K : 1H9) which will be used as other
material tests. Instruments for sample testing were constructed and Fluke 45 Multimeter, RS-232 and
QS545.
PTC ceramics

The resistances of 53rBi,Ti, O and 5nO,+0.5Cr, 0, increased as temperature increasing. The
positive temperature coefficient of resistance {(1) of both samples were 15.62 %/°C and 15.71 %/°C
and Curie temperatures (T.) were 70.25 °C and 60 °C, respectively. Both samples showed PTC effect.
Applications of 5rBi,Ti,0,, Waz Sn0,+0.5Cr,0, samples for overtemperature protection device involved
the temperature dependence of resistance which voltage drop across on the sample increased with
temperature. Greater of virtual instrument was used for comparison between setting voltage and
voltage drop across on the sample.  The output result will control relay circuit.  Relay switch will
change on and off state which wiil control the operation of solid state relay.  Sclid state relay will control
power supplying to load such as oven and fan, etc. The function of overcurrent protection device of
PTC device involved the principie of PTC device heating due to load heat.  The resistance of device
increased which the current decreased and overcurrent protection can be done. Apllication for being
air flow measuring device and constant temperature heating device of commercial PTC device involved
PTC effect which resistance increasing with temperature.

ferroeiectric ceramics

The PZT sample was a diameter of 13.15 m and thickness of 4 mm. The resistance of this
sample was 162 M and capacitance was 1.35 nF. Capacitance increased when voltage increased.
The electrical resistivity, eiectrical conductance and electric power were 12.00 M€, 0.083 (MQ)'] and
0.0678 W, respectively. The voltage dependence of current of PZT sample was a non-linear. The
sample showed charge and discharge and can be use as capacitor in voltage source.

When physical properties in ac electric field of PZT sample was measured by increasing

frequency, capacitance decreased, dielectric constant decreased, dissipation factor decreased anda
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electric charge decreassed, but quality factor increased. So, the sample can be used as capacitor

and phase shifter.

When voltage frequency of PZT increased, impedance decressed, but cenductance
increased. The sample can be used as high pass filter and high frequency device. PZT sample can
be used as coupling device and frequency sensor.

These samples can be used as electrical hysteresis loop demonstrative device, frequency
selection device and electroelastic demonstrative device.

piezoelectric ceramics and pyroelectric ceramics

The measured charge coefficient {dga) was 0.53382 nC/N.  Commercial piezoelectric device
which can be applied by direct effect were vibration senscr and pressure sensor.  Commercial
piezoelectric device can be use as transmitting and receiving water wave demonstrative device.
Wave transmission involved indirect effect and wave receiving involved direct effect of piezoelectric

ceramics. Commercial piezoelectric device can be use as pyroelectric demonstrative device.

ferromagnetic ceramics

Permanent magnet was made from CoFe,0, ceramics. When rotational frequency of CoFe,O,
ceramic magnet increased from 16 Hz to 45 Hz. The measured magnetic field was in the interval of
0.06 mWb/m’ - 0.1 mwWh/m’. Magnetic force of CoFe,O, magnetic ceramic attraction with iron bar (F)
was 0.021 Nor 2.1 g. When the one value of voitage was supplied to dc motor.  CoFe,O, ferromagnet
on fan moved and relay coil that received this magnetic field wilf occur the induced electromotive force.
The measured rofational frequency that measured by this method was 31.44 Hz and rotationai velocity
was 1.97 m/s.  So, CoFe,0, ceramics can be used as freguency sensor and velocity sensor.  The
CoFe,0, ferromagnet cam be used as air flow sensor vir Faraday law's principle.

ferrimagnetic ceramics

Induction coil with ferrimagnetic material core , (0.6MnO,)(0.4Zn0)(Fe,0,), can be used as self
induction measuring demonstrative device. The measured self inductance (L} was 30 mH. The seff
inductanc e of coit with Mn, Ni, JFe,O, core dcreased when freguency increased (LCR Meter method;.
Cail with (0.6MnO,)(0.4Zn0){Fe,0,) core can be used as demonstrative device for self induction
measuring in ac electric field {LabVIEW method). Coil with (0.6Mn0,)(0.4Zr0O)(Fe,O,) core can be
used as high pass filter and phase shifter.

Ferrimagnetic ceramics can be used as demoniration of damped oscillation demenstration, LC
oscillation, RLC series resonance and parallel LC rescnance.

Induction coil with {(U.6Mn02)(0.4ZnO)(Fe?OS} core can be used as device in magnetic field
generator, device for metal bar hole detection.  Coil with Mn, N, .Fe,0, core can be used as and
device for the metal type detection and proximity switch.

The measured mutual inductance value of transformer with {0.6Mn0,)(0.4Zn0O){Fe,0,) core

was 96 mH.  Transformer with Mn, Ni, .Fe 0, core can be used as mutual inductance demonsirative
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device. The (0.6MnO)0.4Zn0O)(Fe,0,) material can be used as transformer core with voltage
transfarmation ratio increased with frequency and pyromagnetic device.

Transformer with (0.6Mn0,)(0.4Zn0){Fe,0,) core can be used as Magnetic hysteresis loop
demanstrative device and antenna coil's core.  Inductor with soft ferrite core can be used as positicn

sensor by computer contrel and using the stepping motor for locating the measuring position.

Magnetoresistance and magnetoimpedance ceramics
When the magnetic field of 0.26 Wb/m* was applied to MgFe, O, and Ni, ..Zn, ..Fe,0,, the

resistances of MgFe,O, and Ni, . Zn, ,.Fe,C, decreased in the interval of 2.645 ME2 -2.622 M and
5.25 k€2-5.205 Kk, respectively due to the effect of magnetoresistance effect.  Induction coil with
(0.6Mn02)(0.42n0)(Fe203) core cam be used for demenstration the magnetoimpedance effect by
increasing the impedance from 0.602 MO to 0.614 MQD.

Maagnetoelectric, electromagnetic and magnetoelastic ceramics

Magnetoelectric effects of BaTiO, , Ba, ,Zn,TiO, , BICrQ, , Sr, Pb; . TiO, and Pb{Zr, ,Ti, ,;}O,
materials were measured. The results showed that magnetoelectric voltages of all samples increased
under the applied magnetic field of 0.26 Wb/m’. So. these samples can be used for demonstration the
magnetoelectic effect. The electromagnetic material which made from Mn, Nij ,Fe,O, ceramics. The
results showed that impedance abd capacitance decreased when voltage frequency increased in the
frequency range of 100 Hz - 10 kHz. The mutual linductance decreased in the frequency range of 100
Hz - 10 kHz and incressed at 100 kHz. The sample showed the properties of electromagnetic material.
The magnetoelastic effect of MgFe, O, material was measured. The results showed that the resistance
decreased in the interval of 16.8 MC2 - 12.8 M{D when the sample was pressed. This sample can be
used as demonstrative device for magnetoelectric, electromagnetic and magnetoelastic effect.
optical ceramics

When the ZnO, ZnO+0.02TiC, and ZnO+0.015b,0, received ultraviolet tight.  The result
showed that the resistance decreased. The sample that the most changing of resistance when non-
receving and receiving ultraviolet light was Zn0O+0.01Sb,0,.  The samples that ultraviolet response
sensitivity by determining from ultraviolet optical sensitivity from large to low were ZnO+0.015b,0O,,
ZnO+0.02TiO, and ZnO.  The sample that the ultraviclet response sensitivity as the most value was
Zn0O+0.018b,0,. When the ultraviclet light dependence on resiststivity property of ZnO+0.02TiO, was
applied. The result showed that the sample can be used as ultraviolet light switch of optical ceramics.
The operation of optical switch device will use Greater of virtual instrument and relation between
voltage drop across on the sample and setting voltage was compared. The result will use for

controlling the operation of relay, solid state relay and load, respectively.
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Qas response ceramics

Ethanol gas

The samples which the resistances increased when received ethanol gas were Bi,O,+Fe, 0, ,
$n0,+0.05Y,C, and ZnO+0.C2T:0,. The samples which the resistances decreased when received
ethanol gas were TiC,+0.5Y,0C, , ZnC and ZnO+Sn0,.  The sample which it has the most change of
resistance when received and non-received ethano! gas was Bi,O,+Fe, O, The sample that the
ethanol gas sensitivity varied from large to small were Bi,O,+Fe,C, . ZnO+5n0, , Ti0,+0.5Y,0,
SnC,+0.05Y,0, , ZnC+0.02TiC, and ZnO. The sample that the ethanol gas sensititviy was the most
value was Bi,O,+Fe 0,

Methanol gas

The samples which the resistances increased when received methanol gas were
SnC,+0.02TiC, and ZnO+0.02Ti0,. The samples which the resistances decreased when received
methanal gas were Bi,O.+Fe,0, , TIO,+0.5Y,0, . ZnO and ZnO+5n0,. The sample which it has the
most change of resistance when received and non-received methanol gas was TiC,+0.5Y,0,. The
sample that the methanol gas sensitivity varied frem large to smali were TiO,+0.5Y.C, . ZnO+5n0, |
Bi,O,+Fe,0, . ZnO+0.02TiO, , ZnO uaz SnO,+0.02Ti0,. The sample that the methanc! gas sensititvly
was the most value was TiC,+(.5Y,C, and ZnO+5n0,,

Ammonia gas

The samples which the resistances increased when received ammonia gas were
ZnO+0.02TiO,. The samples which the resistances decreased when received ammonia gas were
Bi,O,+Fe O, TIO,+0.5Y,C, and Zn0O+5n0C,.  The sample which it has the most change of resistance
when received and non-received ammonia gas was Ti0O,+0.5Y,0,. The sample that the ammgonia gas
sensitivity varied from large to small were TiO,+0.5Y,0, , Bi,O,+Fe,0, , Zn0+5n0, and Zn0O+0.02Ti0,,
The sample that the ammonia gas sensititviy was the most value was TiO_+0.5Y,0,.

Carbondioxide gas

The resistance of Zn0O+0.02Ti0, increased when receive carbondioxide gas. The
carbondioxide gas sensitivity of Zn0O+0.02Ti0, was 25 %.

Hongtong gas

The resistances of TiC,+0.6Y,0, Waz ZnO+5n0, dereased when received hongtong gas.
The resistance of TiO,+0.5Y,0, was a value more than ZnO+5n0, when received hongtong gas.
The gas sensitivity of TiO,+0.5Y,0, was more than ZnO+5n0, when received hongtong gas.

Gas switch

The ammonia dependence of resistannce of ZnO+0.02Ti0, can be used as ammonia gas
switch device. The operation of gas switch device will use Greater of virtual instrument and relation
between voltage drop across on the sample and setting voltage was compared.  The result will use for

controlling the operation of refay, solid state relay and load, respectively.
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humidity response ceramics

The properties of humidity response ceramics (NiO+0.5Cr, 0, , ZnO+0.01Bi,0, Uy
ZnO+0.02Ti02) were measured. The samples which the resistances increased when received
humidity were ZnO+0.02TiO,. The samples which the resistances decreased when received humidity
were NiO+0.1Cr,0, and ZnO+0.61Bi,0,. The sample which it has the most change of resistance when
received and non-received humidity was Bi,0,+Fe,C,. The sample that the humidity sensitivity varied
from large to small were ZnO+0.02TiO, , NiO+0.5Cr,O, sz Zn0O+0.01Bi,0,. The sampie that the
humidity sensititviy was the most value was ZnO+0.02TiC,.

Keyword : conductive ceramics , NTC ceramics , thermcelectric ceramics ., heating ceramics ,
varistor ceramics , PTC ceramics , ferroelectric ceramics , piezoelectric ceramics ,
pyroelectric ceramics , ferromagnetic ceramics , ferrimagnetic ceramics |
magnetoresistance ceramics , magnetoelectric ceramics , magnetoimpedance ceramics ,
magnetoelastic ceramics , electromagnetic ceramics , optical ceramics |

gas response ceramics , humidity response ceramics, LabVIEW
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conductive ceramics

NTC ceramics
thermoelectric ceramics
heating ceramics

varistor ceramics

PTC ceramics
ferroelectric ceramics
piezoelectric ceramics
pyroelectric ceramics
ferromagnetic ceramics

ferrimagnetic ceramics

magnetoresistance ceramics
magnetocapacitance ceramics
magnetoimpedance ceramics
magnetoelectric ceramics
electromagnetic ceramics
magnetoelastic ceramics
optical ceramics

gas response ceramics

humidity response ceramics

:SrBiTiO
:8r, Pb

- MgFe, O, Ni

cLaCo0,, {Zn, Al )0, Fixed resistor ,

Zn0O (iR absorber) , ZnO {Hall effect)

 NiO+0.5Cr,0, , MnBiO,

:LaCoO, , {Zn, Al, O,

cCuMnO, , ZnO+0.1ZrC,

VDR Commercial, ZnO+0.015b,0,

(10D391K), ZnO+0.01Ag,0, FeTiO, wax Pb(Ti, Cr, JO,

6 SnO?+Cr203 , commercial PTC

)T, |, BaTiO,(Ju) . BaTiO(S)) , Pb(Zr, ,Ti, ,JO,

0.5

s commercial PZT

: commercial PZT

: CofFe,0,

: (0.6Mn02)(0.4ZnO)(Fe203) ,

Mn, ,Ni ,Fe,0,,

)] 662n0‘35FeZO4

- C107

1 (0.6MnC,)(0.4Zn0)(Fe 0O,

' BaTiO, . Ba, . Zn, TiO, , BICrO; , Sr,.Pb, . Ti0, , Pb(Zr, ., Ti, ,,)O,
M, N L Fe,0,

- MgFe,O,

1 ZnQ), ZnO+0.02Ti0, war Zn0+0.015b,0,

B0, +Fe,0, , 8n0,+0.05Y,0, , TiO,+0.5Y,0, , ZnO ,

Zn0+8n0, , ZnO+0.02TiO,

: MgFe,0,  NiO+0.5Cr,0, , Zn0+0.01Bi,0, , ZnO+0.02TiO,

2

veenfIeAinnATENatT 200+ 0.05T0, TredEmalmasfindunign (standard ceramic

techniques)  31RNEN Zn0O RIAINLTAVE 99 % uAT TIO, AflAandans 99.9 %  Awanalwedn 4
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conductive ceramics LaCo0,, (Zn[j oAl 1}03, Fixed resistor ,

ZnO (IR absorber) . ZnO (Hall effect)

NTC ceramics CNiO+0.5Cr,0, , MnBiO,
thermoelectric ceramics sLaCoQ, (ZnU Al N0,

heating ceramics 1 CuMnO, , ZnO+0.17r0,

varistor ceramics . VDR Commercial, ZnO+0.015b,0,

(10D391K), ZnO+0.01Ag,0, FeTiO, sz Pb(Ti, Cr, JO,

PTC ceramics DSrBi L0, SNO,+Cr 0, commercial PTC
ferroelectric ceramics 2 81y Pb, JTIO, , BaTiO,(Ju}, BaTiO,(S)) , Pb{Zr ., Ti, ,,)O,
piezoelectric ceramics : commercial PZT
pyroglectric ceramics :commercial PZT
ferromagnetic ceramics 1 CoFe, O,
ferrimagnetic ceramics 1 (0.6MnO,)(0.4Zn0)(Fe,0,)
Mn, Ni; .Fe 0,
magnetoresistance ceramics “MgFe, O, Ni,..Zn...Fe O,
magnetocapacitance ceramics :C101
magnetoimpedance ceramics - (0.6Mn0,)(0.42n0)(Fe,O,
magnetoelectric ceramics :Balio, , Ba, Zn, TiO, , BICrO, |, S, Pb, TIO, , Pb{Zr, Ti O,
electromagnetic ceramics “Mny o Ni Fe,0,
magnetoelastic ceramics :MgFe,O,
optical ceramics 2 Zn0), ZnO+0.02TiOQ, uaz ZnG+0.018b,0,
gas response ceramics : Bi203+Fe203 , Sn07+0,05Y203 , Ti02+0.5Y203 . Zn0O

Zn0O+5n0, , ZnO+0.02Ti0),

humidity response ceramics *MgFe, 0, , NiO+0.5Cr,0Q, , ZnO+0.01BL0, , ZnC+0.02TiO,

108nFineEaEMaATuNaTT Za0r0.05Ti0, Teedfmatiamiindumss i (standard ceramic
techniques)  uA7Nwa ZnO TiilAnutana 99 % waz TIO, MilALians 99.9 %  fuamowin 4
sravansdaeaiasds uanansdaeinde tineearnsldnszieamanadin PALHANAI AT AT B
vealnAlbdsieanaaas (PVA) HANAY thnatnennlanings  dheaRndeieieasaans (RIIK 25
tons) Smilufen ml¥iuwdudnifousisnslusvaey (fumnace) ﬁl‘ﬁm‘éaamuau@mmﬁ( FCR-
13A-RM) uaz lfmeflumewmlatils K (CA) {model JB-35) A7 1100 °C pnudndin Wemsnsiiy

aumail 5 °C/min uaranugdfuld 1 b duseunaFTanasuandlug i 0.1
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THAIDIAT GRTIDIRIUNANTILATUNUAZ I ATD9ANTAN0ENTUARIIA2 1T 0.1 gUnsndiEa

nsA T Maaee 1Eun C101 , Commercial PTC , 10D391K | Fixed resistor , commercial PZT , Core of

commercial core of antenna coil , commercial permanent magnet, LM335

P13 0.1 10203817 ARIDEIAIUNANTIFASHNLAT TN ATBIANTFIBE

Material name Composition formula Thickness (mmy) Diameter (mm)
Conductive ceramics taCoQ, 5.62 12.34
Zn, Al O, 5.09 11.66
Fixed resistor [ -~—— | -
ZnO (IR absorber) 1.63 19.00
Zn0O (Hall effect) 4.10 2213
NTC ceramics NiO+0.5Cr, 0, 3.35 13.18
MnBiO, 2.35 1.6
Commerciad NTC | ——— | -
LM33 e e
Thermoelectric ceramics taCoO, 5.62 12.34
Zn, Al 0, 5.09 11.66
Heating ceramics CuQ+MnQ, 547 12.49
Zn0+0.12Zr0, 2.47 12.08
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A9 0.1 TAU098NT QRTUBSAIUNANTIATUN LAY IUIAUAIANTHIDEN (D)

Material name

Composition formula

Thickness {mm)

Diameter {mm)

Varistor FeTiO, 3.57 11.13
Pb(Ti, .Cr, JO, 1.95 12.26
Zn0+0.01A0,0 1.99 11.56
003K e
PTC ceramics SrBi,Ti,0,, 5.27 13.28
Sn0,+0.5Cr,0, 2.99 13.01
Commercial PTC | ==~ | ——
Ferroglectric ceramics Sr, ,Pb, IO, 3.82 13.25
BaTiO,{Ju) 2.67 12.11
Piezoelectric ceramics Pb(Zr, ., Ti, )0, 4.61 13.15
commercial PZT | —— |-
Pyroelectric ceramics commercial PZT | == | -
Ferromagnetic ceramics CoFe,0, 3.99 12.74
commercial permanent magnet | ———— i o
Ferrimagnetic ceramics (0.6Mn0,)(0.4Zn0)(Fe,0,) 3.84 11.14
Mn, Ni Fe,0, 3.35 12.01
Core of antennacoit ™ | - { -
Magnetoresistance ceramics MgFe,C, (MR) 577 10.91
Niy 252N 267 €,0, 3.56 12.82
Magnetocapacitance ceramics C101:100pF ] e
Magnetoimpedance ceramics (0.6MnQ,)0.4Zn0){Fe,0,) 3.84 11.14
Magnetoeleciric ceramics BaTiQ,(Ju} 267 1211
Ba, Zn, TiO, 3.24 13.47
BiCrO, 2.51 13.67
PE(Zr, 6, Tip 400, 4.61 13.15
Sr, ,Pb, . TiO, 3.82 13.25
Magnetoelastic ceramics MgFe,O, (Mefas) 5.16 11.04
Electromagnetic ceramics Mn, Ni, .Fe.O, 3.35 12.01
Optical ceramics Zn0O 1.28 11.45
Zn0O+0.02TiO, 2.34 12.17
Zn0+0.018b,0, 12.3 12.91
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Material name

Composition formula

Thickness (mm)

Diameter (mm)

(Gas response ceramics Bi,O,+Fe,0, 1.84 13.20
Sn0O,+0.02Ti0,
TiO,+0.5Y,0, 5.57 12.97
ZnQO 1.28 11.45
ZnO+5n0, 3.39 12.97
ZnO+0.02TiO, 2.34 1217

Humidity response ceramics NiO+0.5Cr,0, 3.35 13.18
ZnO+0.018i,0, 3.22 12.01
ZnO+0.02Ti0, 2.34 12.17
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LAZRINaLaNan (Virtual Instruments) Usenaumds 2 d9u Al

1) Hardware

#au84 Hardware L Signal conditioning, LP Connector Uaz Data acquisition card {DAQ card)

2) Software

A8 Software Usznavufng LabVIEW 8.2

LabViEW 8.2

LabVIEW 8.2 Tlsxlamimail

“daanuuunisnszatasasidenlnaetaaile

AanmsuimnsiasesdisuazsruulUfoFneine

i B nsneuaznisanuauFtesis et wmmmagy

LP Connector (NI 6221 Pinout)

LP Connector & 68 11 (68 pin) uaasssgilieauazysenauson

Analog Input

Analog Output

Port Output {Digital Output) : Po0,Po1,Po2,Po3,Po4,Po5,Pob,Po7

D AIDAI A2 AIZ Al4,AIS AIBAIT AIB AIGAITO AT A2 ANS A4 AINS

: Ao0,A01

Port Frequency input (Digital Input & Counter)

Vce

Ground

PCI Slot was Computer

 PFI0,PFI1 PFI2,PFi3.PF14,PF15,PFi6,PF7,

PFI8,PFI9,PFi10,PFI11,PFI12,PFI13 PFI14,PF115

5V
s ALGND, AQ GND, b GND

PCI slot 1§l Computer Tuguilaaiiy
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0.3 nislaldsunsuuaia (Lab View) (National Instruments Corporate Headguarters, 2003)
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1) eazidgatlany
LWaKIMN9N LabVIEW Basics I: Introduction Gourse kit e ldtiniauuutingsfarunsowammn

e ieould moandasaiunsndnldai website hitp/fwww.nicom sntazBansasIN LabVIEW

Rasics | MfzadesTuiAnd Aa Data Acquisition and Signal Conditioning 482 LabVIEW Introduction
Control Tﬂ?unm“ﬁ'ﬁﬂ?:nﬂué’fmLqu%ﬁmuﬁ'mﬁ LabVIEW Version 7.0 wianfuusiudssan Driver 484
wis mfmdensadld Iur DAQ device uaz GPIB Interface TsunsuuFiiAn sl Windows 98
LAz Windows XP

Tdsunsuusiia (LabVIEW programs) f3o5uniy Finalaaileu (virtua! instruments} W38 Vls
dlasanilnnstneutuetesianienanin (physical instruments) 1MW HARTAAT (multimeter) LAY
naadalaalel (oscilloscope) LabVIEW tsznaufiamanesainsiediuiunisléumesdaya (acquirng
data) NsiATIzYTAYA (analyzing data) nsuansadaya (displaying data ) uenauiudays (stroring
data)

LabVIEW Usenauaadtlssnen 3 d9u Aa front panel, block diagram W&z icon AU connection
pane LabVIEW &1N190&514 user interface 38 controls Wax indicators  Controls Téun knobs, push
buttons, dials WAZ other input devices  Indicators Lo graphs, LEDs LAY other displays Hﬁ\i@’m“ﬁlﬁ
#4514 user interface NaITAWFNIAR (code) ﬁlﬁ Vs warlAsaaia (structure) mﬁﬁfm@u front panel
objects udanlaazunsulsznausag code Tnafidnm izl fiow chart

LabVIEW #nunsniaansiiu (communicate) MUE"FAWT 14 data acquisition, vision W&
mation control devices Way GPIB, PX!, VXI, RS-237 Laz RS-485 devices Lﬁ@ﬁﬂﬁ'} LabVIEW Az
mmmﬂﬁ"]\nﬁ'mﬁu Test and measurement, data acquisitions, instrument control, datalogging,
measurement analysis WA report generation applications

2) #usnagaasidsunsa
Watinghisunsy LabVIEW finzufu Lab view dialog box  Lab view dialog box EdnuLisznay

.l

Af

1) Menu Bl File>>Exit

2) 1#784 buttons AT creating La opening Vls, configuring data acquisition devices U&2N1TUN
helpfui informaticn

AR new butlon ABAFI new VI AANGNATLIL new button aLEaniTla blank Vi wiaiadle new dialog

box

AAN open button Aedla existing Vi AANANATLU open button \ieidls recent files

Aan Configure butlons e configure ey data acquisition devices ARANENATLW Configure butions

e configure {Aenfy LabVIEw

AAN help button Lﬁﬂﬁl”]é LabVIEW Help ARNGN#AT1IY Help button A1 other Help options T4

dsznau Nl Example Finder
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Creating k@ saving a VI
HavinuAdn New button 1w LabVIEW dialog box fiaziiu New dialog box \REn Fiie>New e
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(measure) wian s (generate) ﬁ'rynpmﬁhl‘ﬁ DAG ASSISTANT Express VI
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Simulated (fiendatiuntnila front panel ua block diagram FnEas Asznauiifieanns
Lﬁlﬂﬁ’m@d (simulate) “i'ﬂu“ﬁﬁ%i"u {acquiring data) 97N device
Tutorial (Getting started) tﬁlmﬁmﬁumitﬂﬂ front panel Wax block diagram #si
aedlsznaufigisemaiieate Vis dwiuuunfinedal Getting Started Manuai
Browse for Template [Rendasfiinnsuan Browse diatog box AUNTTENATO navigate W VI control
W3R tempiate
Front panel preview Lﬁ'mﬁ’aﬁumnmm front panel Amiu Vi piate ﬁlé’lﬁ’ﬂﬂl’ﬂu Create new list
Block diagram preview {Rendiaaiimsugm block diagram @145 VI tem plate #aden1lu Create
new list
Open an Existing VI
U load Vi 1l i memory Teunnaidan File>>Open 15107 dialog box T Cheose the Vi to
open W navigate wni Vi fsmans open
Saving Vis

\RAN Save As [BTLAN VI
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Menus
Menus BgdMLILERATE1 VI window Uszneufagsen s 19U Open, Save, Copy AT Paste

File menu Usznavdaesumsildd i basic file operation |t opening, closing, saving Wax printing
files
Edit menu Lazneudansonsilddmiunsuasuily LabVIEW files Uas their compenents
Operate menu Uszneughumumsiiidfiaanuaunisinau (operation) 194 Vis
Toc! menu Usenausagsenis configuring LabViEW, your projects uay your Vis
Browse menu 1sznavdaamanisiduesdneuzaes current Vi
Window menu Lis=naudaasenisiid configure miﬂimg%u'ﬂm current windows Lay patterns
A390 access (R Error list window
Help menu tsznay Faeige m‘imﬁﬂﬁlﬂml,a:ﬁmu LabVIEW features WAL other components Lﬁi’ﬂ
TawiTey full LabVIEW documentation WA access National Instruments technical support
Front Panel and Block diagram Windows
iiel#Te blank Vi azls Ny untitled front panel
Front Panel Tootbar
4 toolbar buttons Lﬁﬂ run WAz edit Vi
AAN Run button ta run VI solid white arrow Fuand1an:sa’ld Vi way Sub Vi
Run button Sanmnzifluseeuan wsaadn Vi #indeain (creating) wiauila (editing) 1 error
ARN Run continuously button e run Vi Nuazues run {iamdn abort execution %ie
pause execution
04 VI run azi7Ing) Abort Execution buttons @13150AAN button ﬁLﬁwqm VI VU
ARN Pause button Lﬁ;’auqm running VI
&8N Show Context Help Window button Lﬁ.ﬂ toggle display 184 Context Help window

Block diagram Tooclbar
Waving run VI azUsngtlunn block diagram toolbar ivinuansnsnld debug Vi

AAN Highlight Execution button lﬁ;ﬂuﬂmd animation 194 block diagram execution E.fll‘ﬂﬁm Run
button faztunsluazesdaya (flow of data) umass block diagram  AAN button fEnafaviaiia
disable execution highlighting

ARN Step into button \eile node LAz pause

AAN Step over button 1fi® execute node WAL pause # node faly)

AAN Step out button {,ﬁmu (finish) executing the current node LRz pause

Palettes

LabViEW il graphical, floating palettes wasaelun2ag (create} WA= (run) Vis Palettes
3 UUU @1N1IDIN Palettes wanidisumielauuan

Tools Palette

ANITN create, modify WA debug Vis Taenns14 tools NAARILL floating Tools palette



24

Tools palette ansnaE A front panel WAY block diagram Tcol il special operating
=] 2e e = =

mode 184 mouse cursor  cursor HANHADAARALNL icon a4 tooi 'ﬂgmﬁ’ﬂﬂ‘Lu Tools Palette
4 tools e operate UWRZ modify front panel objects LAz block diagram objects
@8N Windows>>Show Tools Palette 1ie display Tools Palette
na <Shift > key WREARNTI NG display temporary version 184 Tools palette Aaumienea
cursor
{11 automatic tool selection A1H7FON194 AN cursor Wie objects U Front panel WD
biock diagram  LabVIEW azidenuuudnluldiieniy corresponding tool 470 Tools Palette
auen Tl avtomatic tool selection uazL@en tool manually TatinsAan tool AFean UL Tools
Palette

a A ay ) R -
ARNLAa 14 Operating tool IHRLLUREIUATEY control WinlAaan text Nkl control

a A oy e = - ) )
AANLAE Positioning tool W8 select, move W98 resize objects
Aannald Wiring tool (e wire objects tnéatfiunm biock diagram

Controls I_Dalette

1lgEnavudaY controls subpalettes 182 objects ‘ﬁi"ﬁﬁ%’?d Vi ijﬂﬂﬁn controls subpalette icon
entire controls palette azifAentiiiu control subpalette Fladen Refazld object Ui
controls palettes Winan cbject UWAI2NAIL front panet 478 block diagram

controls palettes @010 M A awIZLL front panel

controls palettes Usznauane controls ka2 indicators m‘ﬁ'lﬁaﬂﬁv‘w front pane!

Functions Palette

1lrznaudae Functions subpalettes 194 objects ﬁl‘%’ﬂ%"'}\i Vi Lﬁﬂﬂan Functions subpalette icon
Entire Functions paiette azilAsdlufh Functions subpalette Aidon Hefiarld object U1
Functions palettes TWn@n object UWAIIINAILL front panel W8 block diagram

Functions palettes @330 1A 1H 1an 20w front panel

Functions palettes Usznavsing Vis uax Functions AlHiReaai1s block diagram

Shortcut Menus

The most often-used menu 11w object shortcut menu  LabView objects iU LAz empty

space U front panel Waz block diagram fl associated shortcut menu 1 shortcut menu items L8

1At look LA behavior 164 front panel objects LAY block diagram objects edlaz access shortcut

menu WWARNT217 object, front panel Wia block diagram

Property Dialog boxes

Front panei objects 3l property dialog box A lftnaiatiuutlas look Wse behavior 1< front

panel objects ARNTINW front panel object UAZIARN Properties 41 shortcut menu 1A® access property

dialog box 115U object

Front Panel

Front panet i user interface 184 VI
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Controls and indicators
a5 front panel el controls WAL indicators ﬁﬁl\u‘ﬂu interactive input LA output
terminals 289 Vi ATNATAL
Controls léun knobs, push buttons, dials Waz other input devices
Indicators Wun graphs, LEDs Uaz other displays
Controls 4% simulate instrument input devices taZ supply data Wun biock diagram 384 VI
Indicators 42 simulate instrument output devices LLaT display data ‘ﬁ block diagram 151"3"‘mﬁﬂﬁ
&y
Control Palette
A lHlawrzun front panel Usznaueat contols WA indicators A DA front panei
V@Dn Windows>>Show Canlrols Palettes ﬂ?ﬂﬂan’mqﬁl front panel werkspace L‘ﬁlﬂ
display Controls palette  Controls subpalettes Usznavsiag complete set 184 built-in
controls LAY indicators
Numeric Controls and Indicators
Numeric objects ﬁl"ﬁﬁumnﬁl@mﬂu Numeric Contrcls and Indicators
\Aoitazdn s Asudnl aumeric control 1HAAN increment button WAL
decrement button #7381 Operating tool WRAUTIRARNT number #5¢ Labeling
tool ¥39 Operating tool ANW new number wazNA <Enter> key
Boolean Controls and Indicators
'L“B'Lﬁﬂl,“i"ﬂﬂua:uﬂﬂwh Roolean (TRUE %58 FALSE) Boolean cbjects ax
simulate switches, push buttons W&z LEDs

Boolean objects ﬁl‘ﬁﬁumﬂﬁ@mﬂu vertical toggle switch A round LED

Block diagram

wERNAlHaR 4 front panel faxld code Tneinnsld graphical representations 484 functions
L'ﬁlfa control the front objects block diagram senausiog graphical source code front panel objects
Uﬁngluﬁnwm:ﬁ'@u terminals LW block diagram  block diagram objects 1snavusiag terminals, sub
Vls, functions, constants, structures WAz wires %\1 transfer data MNNNA14 other block diagram objects
Functions Palette
11#ann2 4 block diagram Usznausiag Vis uaz Functions #ldiAnaie block diagram  1Aan
Window>Show Functions Palette 47 ﬂﬁﬂ‘ﬂmﬁl btock diagram workspace L‘ﬁ‘lﬂ display the
Function Palette
Express Vs, Vis and Functions
LabVIEW 14 colored icons LﬁﬂLLEIﬂ ATHWANEN Express Vs, Vis and Functions Ll
block diagram
Express Vs

A s uunnaiaUni (common measurement task) Sanwiuzithy nodes 7
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#i®annT minimal wiring Waanla configure e dialog boxes 14 save
the configuration 184 express VI Tudansnsziily sub i

Vis
5779 VI U1 block diagram  LabVIEW 15Ransnin vidu sub vi dlesuda

ARAN sub Vi front panel Wa% block diagram ﬂ‘i’mg:ﬁu front panel

13281 A8l controls UAY indicators block diagram Usenau@ng wires, front
panel icons, functions, sub V! Wax other LabVIEW objects

HHUIUUAADAY front panel WAz block diagram Az display icon AU Vi 'ﬁ'\ﬁ
Aiilu icon Tf‘}'ﬂmngtfjalﬁfm VI 890U block diagram @ wnanaing vi Mt
sub VI

Functions

1y fundamental operating elementsa 184 tabVIEW  Functions Tailad front
panels Y98 block diagram Wi connector panes NsiuLiap@nd function Az

JTNIFARN@NWNY function 1L

Nodes i1 objects Ut biock diagram el inputs LAZ/UID outputs WAZNIZN?

operations WHa Vi run

Terminals

Wires

Front pane!l objects 157 ﬂg‘luﬁ'ﬂﬂmxﬁlﬂu terminals 14 biock diagram

Terminals 1Huvnuntinues data 289 control W38 indicator

#3190 42UANINNEN block diagram objects HURARR wires
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1. mesdszandldaasamindamiliihuiniusasunmuli
aunsoiinseiurnsrasuas Mgandudursisn gunsniuauseiuluh
wazrainsaisngmilsingnisaizaas

Applications of conductive ceramics for the operation of electrical resistor,
liquid level sensor, infrared absorber, voltage divider and Hall effect

demonstrative device.

o ar - ¢ ar Y-
sA. B3t8 WUSLNEIWNE Lenayd auzges’ it 1hiinaw’
Thongchai Panmatarith’ Yoawanoot Mathura®  Jutharat Buameeklin®
UNARER

Thssnuihfondasiunmssiondauansasinddinihanianseuiidume InauimiRand

2 174 i ar d‘ <4 o &t lil 2 ;’; ] &
wazlimmalszgnsldewenans  aFaedasdiadmiunisnagauansiliznausngiase LP, nhin
DAQ uaz watAn  Fasuv TN AFuNsAne WFun a1s LaCoO, Harnusiuni 47.30 €2 uazans

=l 9 ] 2 =y o [l & = o

Zn, Al, 0, BArasumiu 183.96 2 Aanusnumuyasansilisnludmlein asdaneuziduem
findentn eomdunurssansiilisenn ReualssmunaTuaasatasniwn s il iAeeaans

¥ O = ocd = P
Anuinunussansilids Rouwlasugunifuaasatosnmmnaanafaunnueas @13
LaCoO, 4ax Zn, Al 0, Huwiliini b iiuduidunulwinlg fshumnudadiidnisianio
At ugUnsniinseAU1aameaman Wl ZnO LAAINNSABLIALEIN 1T ANRUAUHEIARIANHI0YN
winAfuig anaufdBunsies @1 BaTio, (Ju) , Sr,,Pb, O, (Yoa) uaz BaTiO, (Su) Aitlszneui
ussasuteuruliiaunsmi U luns@enusaiu i iU M numaseans deiansdnin
Usngnasafeaasluuci zno Tuawawinadulnglawunmangus 0.26 wo/im’ wudiusfuaeadil
A10.015823 vV Anmdniuiasdidneseuindnudilunmaind (n) $d1 521x10” electrons/m”  g1lnsnd
ARARRINNNANIEN Zn0 Hanilhlszsndliidwindeauiuwimin
Fddty nandiady  Aihunuliis  idunudimiiBinedn deanani@iuniee

o o

aearuiausainldin  ginsadaead  dadnaunnudvdn  ustfic

Abstract

This project involved sample preparation from starting material in powder form.  Physical
properties of the samples were measured. Application of the sampiles were determined. Instruments
for sampie testing were constructed and composed of LP connector, DAQ Card and LabVIEW.
LaCoQ, and Zn, Al O, resistors were studied and resistances were 47.30 Q) and 18396 (2,
respectively. The resistance value of the samples were a low value in ohm region. Samples were
conductive ceramics.  The samples showed goed electrical stability due to the independence of

resistance with time.  The samples showed good thermal stability due to the independence of
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resistance with temperature.  The samples had can be used as efectrical resistor.  Commercial fixed
resistor can be used as liguid level sensor.  ZnO pellet showed infrared response and can be used as
infrared absorber. The BaTiC, (Ju), Sr, Pb, IO, (Yoa) and BaTiO, {Su) that were voltage divider
circuit compaosition can be used for votiage selection for any work.  Hall effect in ZnO pellet was
studied in ac efectric field with the magnetic field of 0.26 Wb/m’ and found that Hall voltage was
0.015823 V. The concentration of moving electron in ceramics (n) was 5.21x10" electrons/m’. Hall
devicce that made from ZnC pellet will be used as magnetic field sensor.

Keyword : resistor , infrared absorber | liquid level sensor , voltage divider , Hall device , LabVIEW
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Fotanindifludfunaiiia sl indee lugwiodn ssumnlaiuinguil

&utlszAnignuunivasayusiumdiai Taefiaueum eyl 10010 Q@ wnann

] »
drunansesiniiuawIwTatuunsesiddgnindeussuugiuigeusy Ssuviuleuiingglie
uuvia Rdumunudaddnune (A J. Moulson Uas J.M. Herbert, 1990)  Hgisfamainsnfinifluilduung

é ar L 3 9 i d‘ ar A o dl Al o 2 [ i ¥
ansfiaf sno, vinwihidwindauaneduiiag Soaiuduwns (sensor array) duivldnaaanfinsias

o - I ] 0 A o aim g ) < P
31U (gas and smoke) Fsnanuuasinfiasi ey wasinlinafuildidunszany W s wanafin fu
i vignind ddmiliiacwlanefe H,uar CO Apanmanididsduansaudndusesady SgTan

AN RuO, LLuuWﬁumaTmmﬁmmﬂ?aLmnﬁmﬂmmuiﬂﬁﬁnmmmﬂaﬂﬁﬁ?m {reactive d.c.

'3
= = i

magnetron sputtering) Jadulsz@nagnmpiirasanusinumy (TCR) FeAnwatiusnwsaauten
WU TCR=120 ppm/’C  RuO, KULREILN S WindE LN (Jiao, K. L. 1993) HEAnAuAT
Lﬁ'mﬁuﬁmﬁﬁq‘lﬂﬁﬁLLa:ﬂmﬁﬁqmﬁmmwu,ﬁ:mﬁﬂqﬁnwmw@ﬂu‘[ma‘[ﬂﬂfqama*’f[mﬂnﬁ'umG‘fa
s SindRiinnnsan (LTCC)  IEAnenavBnat st Al fauaRa AT MF LY AREINITHYNY
pMFRNETINIMLATAT aIIILAaN s T URAdussuge R lu AT ivdaun i (Andrzej
Dziedzic, 2001)

Umngnisalanad (Hall effect) Aa tngnisafiiinnssaenszualai (electric current, 1) 1
Tnaeruansuss lurnziFeoiuiiinatausunas mdn (magnetic field, B ) tunundananiunszua i
AuaziiepuANAndaaas (Hall voltage, V, or V) Waz@UNERRa (Hall field, €, or E,) Tuuuasasndi
nezua A uazauINLHIMAD

uwmmﬁtﬂummsanﬁﬂ’ﬁ'ﬂmqL“n?']ﬁnﬁﬁqﬂﬂﬁﬁwﬁwﬁ'Lﬂuﬁf;ﬁfmmuiﬂﬁﬁ aUnsolinsyay
199184169 FganauBudsen gunsnluiausadudindmiuiausikliihgeuacgnmninasd

AT AAUHULNIVAN
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Fangunsoluaziing
[ v
1.1 madszanaldidummumulni
= P - e 0 o a o Y = aa s
1) deangaspasanfiiumdndinbhdmivlummeasaslaenistagdeorunnungumEesam,

I e %

winla (RenTugu Q uaz k) AnuAmumsasazsediaandt 1 k() dagiifarmuniy
wlasuw aamunanvielignaaRilnas (Fluke 45 Dual Display Multimeter) kaz e gindasinumiu
= = 3 & oo -
iwWazuwa s ugmnivive lidaelaRizes
2y madszgnaifsarsdndseihilivinduisinmu
Faeaaiedwiummeaatnlstgndidresimdindsianin LacoO, uax Zn, Al, 0, Wik
EludninuniulWindas LabVIEW uaasdiagiii 1.1.1 a¥7a Front Panet uaz Block diagram & msuns
nogautlrsgnalieeanmindfng LaCoo, uar Zn, Al,,0,Wiuihfidudasinumulingay LabvIEw
N o ey - L
WaAIaUR 112 asianeinedilineasd Ao LaCoO, war Zny Al,,0; nizualWihannds +5v (11 14

184 LP Connector) arinusasuniuings (R ) 2 k(2 LR ZANT BN TP A R, W3asulvin
AnATaN R, uas R 4R HPN V UAY V, AINAGL wazazridnlUf analog input 6 (AI0) wa analog input 1
(A1) 184 LP connector AMHAIAY V_ uas V, axi1u DAQ Card dinl luranAamaflaanisauANTed
DAQ Assistant Split signaf AYWEN V, uas V2803 89V Uas V| U7 Divide iau

V=V VY, frnnunszua i itlwaculnanionans | =V /R nesualain =1 Awanuaonadiumu
apaanisathadangns R=Vs/ls Al (p) Awanuan v, uilasmdaewas v, 3n vV aidlu mv s
Mutiplier uUamdaeeed | 410 A 2y mA sie Multiplier  Wlawmdaenea p N W WU mw st
Multipier  wlaaaaIN ewanailsunsusiae Milisecond Multiple - Stop {14 Numeric Control i
i Rdlauazilanminen While Loop q:mu@mm'jﬁwmu%ﬂﬁ’ummiﬂmnm &1 Run Tsunsu e
WARINTINLED LAPA Vi vs LVovs LV ovs bl vs tuaz pvs. t A8 Numeric Indicator Way Waveform

Graph ®sRuW Front Panel waz Block Diagram #ntl Printer

5V AlD
a LP > DAQ) PCi Slot Computer
- Connector Card
R, Al1
|
GND

2@ 111 medaeiastindwiunmmagseudszgndidreamiindsianii LaCoO, uay

zn, Al 0, Wi idlusiasiumulniane LabvIEw
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lifaqadidasmaecin (\daaind POWER WRunsazfin 58 172 10 whnnaadnd operate azifiulng
diandin usaduliinazeannieia HI uaz GND wazasndinlluneemes s, | S, uar s, dunmg
wreAUlWi Vo Voo uaz v daussiuliAn i e 1000 v udiipusstiufnusedulviin v, v, waz

V, a9lumN319R 1.4.1

DC| 501 60f 400 1410100 1K VOLTS AC/DC V-A Source Model 828

Red Green
Operate

Scalefactor |10 0]
HI GND FOWER
|
SA VAEC
!

Sy Vac

i
Se Ve

s 1.4.1 nsdaeiasiiaiennaatnsasutaussd iy

15 madszgnaldituatnsoiandmlsngnisnisaas

JangUnsnluazitnis

1) f%’mm?mﬁﬂLﬁ@ﬁ’é’]mmmmmﬁnmmlmqa (high strength magnetic field} ﬁmﬂmlugﬁﬁ 1.5.1
Usaaliing 220 v sndaugiautadliin 220 v-48 v wfiawtladliiniissulaswseiudin 220 v 1%y
a8V avlslaleniistewniBadian s nsuaadt i Dunsaindnszuanse. dand
aaaingeansus RN s sz neided iunlszalii 2 0 e nsesussiuin S endeils e

weaiu WA Rl TA sz 54 v azgndallfsanamuiiendy  Hawnusivgn (8) 17 ATUANNNI YD

weNwLS B=ANI/L
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Low Voltage BT
o] High Current
D1 D1
Power i
] Cap
Supply D1 D1
220V 48y [ Cap Induction cail
——

A 151 nsdaieTesilafaieatraaunuulminanuusgs

DTATLI AU LIAEN (B)

ATNFIUNIUTEMAATS (R) A1 12.1 Q  amwsnuniulwinaesaanasisna (Pg,) 7F1 1.7x10° Qm
adnz o Y - X4 .. "y

@RIV AT R = PUA | ANENIYRIUNATESIRAIATA L, ~RAP wuiwtindinaasnaainilad

A=Tid 74 durhgudnarstestnasaiiin d=0.9x10" m  Fail A=0.63585x10° m’ LAZATNEN TR

TENIARIATAT L, = 4.525756x10° m  AINEMNTBIUNULBIIARIATIAY L.=5x107 m A uomduIusey

0HAINFNGAT N = L/L,  AINENITEIAAIA 1 58 TIAN Ly 2T0r=Tod  tfutingueinaayey

uNUIDITARIATIAN d=6.2x10" m  AITLAMNEINTENTARIP 1 781 HAN Ly, = 0.19468 m AIuse

=l 4 o ' o =
BDIVARIANATN = 2324.715 tumns - ANUITUALNHINIMANRINGAT B = LINIL = I _LLNiIL, 1ie
L duamwmudnlimaimdniasmsudivngn 1 Wusawsudulinauimdniassgyana

p, dluanwesnufaldmanimandusivg | dunszualiiilusdumngos P =4mx107 Woam |

15000 deduatnuudadnannfifunadETa B-1314x10° Whim®  sunsusmanfisiosing
auUMANAINIIIRAITAN 1.315x10° Whim? (eluunumdn) - aunswlivanieseesing
AUNWNIAANANUTIGRTAT 0.26 Wh/m” (Friuannim)

2) ":fﬂLﬂgﬂﬂﬁﬂﬁ’m‘?ﬂn’l?ﬂmﬂﬂUQﬂﬂ?ﬂiﬁﬂ‘ﬁﬂﬂ?ﬂﬂ{]ﬂ?i[ﬁﬁﬂﬂﬁﬁfm LabVIEW mech’agﬂﬁ' 152 afn
Front Panel uaz Block diagram duiuniamaasugunsafandausingnisnlsead foe LabVIEW usassa
gﬂﬁ 153 asfaadnafilivases Ao wiu zno winardadny oW ATiaowE =60 Hz Ang
nazua i | R = 1 MQ uazmsianatsindiiduuiu Zn0 Ussusunuuivn (magnetic
fleld, B,) fiftuunm 0.26 Wo/m® dinly W Ammeter fanszualsin [, uaz Voltmeter JRusasiuanad v,
wia v, (nezualinilfien e x auausiwmdnilian z uazauinseadiin vy undasng Iwin Al Ty

wspaniindyanoddvin (Signal Generator)
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Al1
Magnetic Field

<

Signal LP DAG Computer
Sample VH N N
Generator Connector Card
AlQ
Y
X
AlGnd d

5U# 1.5.2 msdarrasiiadruiunmmasaugunsaiatdndsngnisndasading LabVIEW

' = = o =3 g @ o o
wiaudmaniinszinsedidn aranAfisrq i q uazenuda v, A0 F Asaung
F,=-av,B, {0
useAFnssiradidnasauiien F_, Aauns
Few = -QE 2

EH H

wsavagaaiininty
FB: FEH
-qv,B,= -gF,
v=FE,/B, (3)
AL RLuUnszua Wi e sfianseeu (electron’s electric current density, j,} A
L =-nav, (4)
wnuannng (3) (@) ald
i, = -nqv, =-ngE /B, (5)
Lij@ n iuaudindurasdidanasau {electron concentration)
awNWA 18884 (E,) Hannduiusiuusiuaaad v,) LLﬂ:i:ﬂ:mu:mﬁeaaﬁﬁﬂi:ﬁmnLLﬂ:E‘Jqﬁﬁﬂ?:fg
ALVWIEATNNSNI98981T (W)
E, =V, w {6)
ANvUiLnszuatvin () Sanudiiusiunszualnia ) LR RUTMTNAATE 3817 (A) FaaNns
J =1 Awd) (7)
36 A=wh WAL h=728vinesEningga 2 An fiRnussFusand
Wi (6) wax (7) lu (5) azlé
| fwd =-nqV /wB,
Famanfiazliponandudured dnsseuiindauiiluemiing
n=-1B/qV,h (8)
e g=-1.6x10"°C
#1n"7 (8} Lﬂu@gma‘ﬁl‘iﬁﬁ'}mmmf-i’mquﬁLﬁnm‘auﬁmﬁauﬁﬁifaﬁmmwmmi
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a7 LaCoO, finansfinumy 47.30 Q uazans Zn, Al 0, Haufuniu 183.96 £ Arenu
y e . v . re o . S
gruniuraaarsiaa lugnulady  ansiesestiansusuenindsiai  anudtmuzes il
ARYIL AL UL AP RINAN T LARUADE SN W IHRNARTNANT Ao ufumussaneaasThifey
o A = v P
Wanulasmugnmnifusauatiosniwnapenuieuinesans

2) ginsnlinssAvTesuasingg
nanalszgnsldssinunuAiai@amsi duiidugnsniipseiurasrsanaiuansiy

o . J e L oda e T P VI SR
7R 122 annmwnudssiulniig naseua e tendudiunuAAsiians AiesTin ey
° o o . R s o ¥ \ PR A e o g
faziisgauazurdulienasanaisfhadruliassiumetgeasiam defianranisamulaiin
anwnsntuansziutesearar  wanantnindimsifannsonutindiduelnsadiaszAusasasman

3) ANANAUBUNSILIA
HENINARALINTAANALTASUNTITALARAIILR 1.3.2 ATNAINNNUTEY NIO+0.05Cr,0, e

Jauazudnlafariaunazudennaaanfuiadiudmmsaneausiu Zn0O SFARNTUIATAAAINNATAL iU
ZnO UAPAINIRBLIANBINIAANAUBUWILIA (infrared absorption response)  FTULEY ZnO Putinf
- & ar =

fagenAuiAa LA

4) unsnlueussaulnvh

A5 1.4.1 wiaduiWRRnATatan et S, | Sy uar S

1000 V
VABC

4943V
VBC

297 V
VC

5) adnsniarBalsingnisniaens

qmwmmmﬁndﬂﬂﬂﬁwﬁﬁw paanidetagUnenl fe usu Zn0  ussduzasd (vH) fiF1 0.015823 v
At e B Enaseniiadeuiiliuaiing (n) A0 2.63354x10" siectrons/im®  wditfiaeann
sunn AN LLNUTeeIAaIRTFmANNdauNILEnRanTIEETU 5053 846 Wi FoiuAndday
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Applications of NTC ceramics for the operation of temperature sensor,
temperature measurement and control sensor in oven, resistance versus

temperature using stepping motor temperature control
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Abstract

This project involved sample preparation from starting material in powder form. Physical
properties of the samples were measured. Application of the samples were determined. Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW.
NiC+0.5Cr,O, and Mn(C,+0.5Bi,0, were NTC ceramics that resistance decreased as temperature
increasing. The nagative values of the temperature coefficient of resistance (Q0) of the samples that
were calculated by measuring data were -1.286 %/°C Wax -1.22642 %/°C, respectively. The
resistances of NiC+0.5Cr,0, and MnO,+0.5Bi,0, were 99.5 k€2 and 106 k Q2 respectively and both
showed NTC properties.  The NiO+0.5Cr, 0O, sample can be used as temperature sensor by using the
NTC effect and the relation of T=3.62V*-3.787V+24.621. The NiO+0.5Cr,0, sample can be used as
temperature control sensor by using Greater of virtual instrument.  So, this sample can be used as
temperatre measurement and controf sensos in electric oven.

Keyword : temperature sensor , temperatre measurement and controf sensor , LabVIEW
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Abstract;

Resistance versus temperature of commercial NTC thermistor by stepping motor locating the
position with LabVIEW Program, suscessfully.

Keyword: NTC thermistor, Temperature sensor
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Applications of thermoelectric ceramics for the operation of heat flow direction

sensor, thermal pulse sensor and magnetothermoelectric demonstrative device
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Abstract

This project involved sample preparation from starting material in powder farm. Physical
properties of the samples were measured. Appiication of the samples were determined. Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW. When
the one surface of LaCoO, was heated, thermoelectric voltage increased from -1 mV to 15 mV which
showed that eleclrical carrier was a positive charge. This sample was p-type material. When the one

surface of Zn, JAl; O, was heated, thermoelectric voltage increased from -0.5 mV to -3 mV which
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showed that electrical carrier was a negative charge. This sample was n-type material. The LaCoC,
sample was heated when heater was moved from left to right and right to left, thermoelectric voltage
decreased and increased, respectively. The Zn, Al O, sample was heated when heater was moved
from left to right and right to left, thermoelectric voltage increased and decreased, respectively. The
sign change of thermoeiectric voltage of both samples to be opposite value will indicate the heat flow
direction. So, both samples showed thermoelectric effect and can be used as heat heat flow direction
sensor. The LaCoQ, received heat pulse, thermoelectric voltage vs. time in putse shape on computer
screen in second unit.  So, this sample can pe used for thermal pulse sensor.  When thermoelectric
property of LaCoC, sampfe was measured i magnetic field, thermcelectric voiltage vs. time was a
negative value and thermoelectric vailtage increased. Se, this sample showed magnetothermoelectric
effect.

Keyword : thermoelectric ceramics, heat flow direction sensor , thermal pulse sensor,

magnetothermoelectric effect, LabVIEW
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GND
Oven PCI Slot Computer Printer

U 3.1.1 msdniasfieduiumeladsingnisnimafluiidnggn

189 AndinafluBIanFEn LaCoO, kax Zn, Al O, fiel LabVIEW









58
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4. msdszgnaldresarsiiannsauliviumiiiduginsaiads
Usingnisailianudau aunsaidamslusraseima adnsoivinindau
N13IALAZAILAN MY ARSI A

Applications of heating ceramics for the operation of demonstrative device for
heating effect, air flow measuring device and water heater device, temperature

measurement and control of heating material

[ L - ar as ca Al
A, 6998 Wuslgans enoye azger’ M5 Tadinay’
Thongchai Panmatarith’ Yoawanoot Mathura®  Jutharat Buameeklin®
UNARED

Im\muﬁg'ﬁ'mimﬁ'un’mm?muﬁﬂuﬂ'm']nﬁﬂ@ﬁ’aﬁuﬁgﬂum TranTRERNAnduazlduinng
Uszyndtiamanaans Wakaiasiladiunmaseuansinlsznaudosdara LP . n1fa DAQ wax
ka1 819 CuO+MnO, Ay Zn0+0.12r0, flAmusuvusini 119 € uaz 307 Q Hanuniiiies
A fadaonusadulwingle 6.47 v Wuranmianawda Wnssualwi s udunan 2 wii
W17 CuO+MnO, afanann 32 °C lhilu 100 °C - dausns Zn0+0.17:0, az¥eusin 37 °C luiu
100 °C ms%\mmﬁ@:ﬁﬂﬂﬁﬂLﬂu@ﬂn?m"lﬁmm?@u 15 CuO+MnO, Waanfauindnans
Zn0+0.17r0, intor ilausailiinady 12 v WunTuan 39 O ﬁﬁiﬂ@yna‘uﬁum? NiO+0.5Cr,0,
wLdmsed Wi AnasaNan sl Sutiaz Bouulatlutes 3.6 v e 4.6 V unnefileneannisay
\dnuTiny usasulianasenanslianuseuiiilamunadas fr @i furudinisnages
alilal ﬁqﬁ’ua’1:rf':mm:mﬁwﬁﬂﬁll,ﬂuﬁﬁmmwL?"Jmﬂummmmﬂvﬁ@@Unmﬁmmﬂum'aammﬂ
a13 Zn0+0.12r0, ﬁmeauﬂﬁlﬁmwuﬁ*ﬂummmﬁ’mﬁ’]ﬁ;lﬂw@ﬂ naefiddndauluetasinintennna
Lﬁn%qq:ﬁﬂﬂ%’ﬁﬁﬁumwmﬁﬂunuu”ﬁL%qm’m%’ﬂu'n@ﬁmﬁﬂiﬂ FAnmnsdauszaunugnmgiues

A lFATuEaL

Avdadty - asliannafen  dsingmsedldiaanden  gunsniiansluateseinia gunsnfiidnseu

wrsainfaunnadn  neiauszauaugngfreanslieaien st

Abstract

This project involved sample preparation from starting materials in powder form, Physical
properties of the samples were measured. Application of the samples were determined.  Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW. The
resistances of CuO+MnO, uat Zn0O+0.1Zr0O, materials were 119 €2 and 307 Q at room temperature,
respectively. When current of 6.47 V flowed through both both samples for 2 min, the CuO+MnC,
sample will heat from 32 °C to 100 °C. The Zn0+0.12rQ, sample will heat from 37 ‘Cto0 100 °C. Both
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samples will be used as heating device. The CuO+MnO, sample showed heating effect better than
Zn0O+0.1Zr0, little.  When ac voitage of 12 V was sent to the series connection of ioad 39 £2 and
NiO+0.5Cr,0, sample, voltagte drop across on heating material will change in the interval of 3.6 V-4.6 V
as air flowng. The changing voitage across on heating material will be relative to air flow velocity.  So,
the sample cam be operate as air flow velocity sensor or air fow measuring device. The ZnQ+0.1Z2rQ,
sample that showed heating effect can be used as small hot water device which will be used for
therma! property testing in the future. ~ Temperature measurement and control of heating material was
studied.

Keyword : heating effect, heating material , air flow vefocity sensor , small hot water device

temperature measurement and control of heating materiat | LabVIEW
saarnanasd nAneAand dealfiEnsiandiag nedrREnd ancinenmans ainendbaeosuaiun

wialury aeaan 90112 Uszmalne
'Assac. Prof., 2Physics student, Materials Physics Laboratory, Department of Physics, Facully of Science, Prince of

Songkla University, Hat Yai, 90112 Thaifand. Corresponding e-mail : tongchat.p@psu.ac.th

\Hawnin

ansliinasfes {heating element) Huansiuaemdsa Wiy fundenuasfeuldd T
ARAIAUBUATUARN (fumace element)  FrptinereeansldmnFew anfiw unsIWe (graphite), TuRL
(AT (M), Faaw (W), nasA171a (P, SIC (1650°C) waz MoSi, (1500°C)  Das Gupta (1996} Tu
UseimAuAunan ‘lé’mﬂmwiflLﬁﬂqﬁuﬂﬁiﬁ'l%ﬁ'lm'i'lﬁmm%’@u?ﬁla'l@mﬁ MosSi,, SiC, unsTWsl (graphite) uaz
BaTiO, Reznikov (1997) Yhaswasuangaavgiitilsunsldanlalesh nsae§ drudu i
waan i lukalfiifinns  Pelissier (1998) TudszmedfasaldAnmanwiunulwiwssanmnas
TnAn s e TR SeuRi s ndaneuanslus Ogawa (1998) 'luﬂi:mmjﬂu 1Fa¥adladnL 9
BaTiO, LLé’qﬂ‘i:f;jnﬂ"L*?J’Lﬂuu,tu’um'm5’@14“71'ﬂ’m’mnlﬁﬂmu%@umjmﬂm Hayashi (2001) Tutlszmailu 1

wieuAfEe LaCrO,-Ca Tandidaiilu Pt uazwidnssauninsifannien (heating

x
=

characteristics) A9 MELNILTBIRF L R Seuiidin s Bvignumniiiluanuazgumdldaiu

¥augaan 1100°C Meier (2001) Tudszinaganie WAnmans i feufvnannmasiame funy
PTC Fagnansoinnufigumniifenasd Sfufon Lacro, JasuiRddiiiuazaanTRdeuindn
naanUn AN TaL (heating test) BOUMNTINT3A19 (working temperature) EiAn 2000-2100 °C
(Song. S.T., 1984) figiwdanans La, Ba CoO, daanwium iy p FAuAUARALNEL X Wi
x=0.5 1A P tﬁ"mgm Idvaaauniaganfiudunsea (infrared absorption test) AN duaduteTy
natnnIatn WA (conducting mechanism) (Mingshan Xiao, 1998) Higvaaasiatnlasnszualiinady
TuaHIUAIANEIATINT (platinum wire) Faussdulwimnasanans (v) Segumgiivesan (T) dadesd
(velocity) AuongAsnisiuaTeaas (wind flow rate)  ARNALRLETZMIERT UL HTDIRLA
noeAnrearitildszgndifwiindasiFaress (Seuinghyun Kim, 2004) EAnmAnmananzalunig

nadin (compressibility) 789 MgCO, MtAn1sganfuaurss (infrared absorbance) TutnuaARY
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100-1800 cm’" IFussenanistssgndliizeanisdunninoanaes c-0 Alianunsstsanguenfueyly
ANBUSTBUNAAINUA (pressure gauge) drudunsdeluaunsaAldumsAns lumagings
{Andrzej Grzechnik, 1999}
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uaz Block Diagram @3t Printer
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4.2 nsdszanaldillualnsaidnnisivaraainia
SoasnsfiadniuntmmeasugUnsafinnisluanesenniadion LaovIEW uanafeqi 4.2.1 afw
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Tumauusnansl¥asuioullgomniinn Tread < Tset  Result 184 Greater H1aAn 1 (5V) 43
Result 984 Greater 89NN port outputd (Po0) TaaanAunisAILANTa DAQ Assistant! avinidunneas
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73

o o

2) aUnswinnisiuanasainia
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Applications of varistor for the operation of demonstrative device for varistor

effect and overvoltage protection device
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deidulAanszun Wi TLus L e siethaine anddeFur (100391K),Zn0+0.01Ag,0,
FeTiO, war Pb(Tiy Cr, )0, nRATWLITLsaALgARIo (BV) HAN 287, 60, 156 Las 325 V usy
AusyAvanliduiady (CL) 7#1 9.989, 4.35, 9.55 LAY 24.19 AUAAL  Ssmantuanaduld
T'l?:LLﬂ1ﬂﬁﬂ-LLiﬁﬁu1ﬂﬁ’1ﬁ1ﬂLﬂuL?ﬁdLﬁuLLﬂﬁﬁﬂN’lTﬂﬂﬁlﬂﬂﬁ‘zﬂﬂﬁﬁ’]Lﬂugﬂﬂﬁﬂjﬁmﬁ’mﬁ@ﬁwﬁu15 ot
UBBNTENTY mﬁﬂu’tﬁﬁmfiﬂ?ﬂﬂugﬂnmﬁﬂmﬁmmﬁulwﬁwLﬁu"ﬂmaﬁmmi’ﬁqmsﬁ’ﬁ (CNR: 10D391K :
1H9) Azl Mimaseuansiurield

AvdATY  Famed  gunsnilasiuuseiuiy Qs4s

Abstract

This project involved sample preparation from starting material in powder form. Physicai
properties of the samples were measured. Application of the samples were determined.  Instruments
for sample testing were constructed and Fluke 45 Multimeter, RS-232 and Q545. Voitage was
adjusted by using variac and sent to transformer to the series connecticn of load and sample. When
considered the current-voltage curve of the samples such as (10D391K), Zn0+0.01Ag,0, FeTiO, and
Pb(Ti, .Cr, ;)O, found that breakdown voltage (BV) were 287, 60, 156 and 325 V and the non-finearity
coefficient () were 9.989, 4.35, 9.55 and 24.19, respectively. These samples that showed the non-
linearity current-voltage curve can be used as varistor and can be applied as overvoltage protection
device. The test techniques was treated for the function of overvoitage protection of commercial
varistor (CNR : 10D391K : 1H9} which will be used as other material tests.

Keyword : varistor , overvoltage protection device , Q845
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Shr-Nan Bai (1993} IAlAZN03AIADFAINATUNENYES 97.5 mol % ZnO il 2.5 mol % 184
(Bi,O,. Sb,0,, Co,0,. MO, Cr,0,) W 1150 °C FaléAn 0=52.2 J. Fan (1993) WHisdunaiiamas
ANgAT ZnO+0.0181,0,+0.01Ag,0 varistor TAATHANAUS Jvs E AMAWAT OL 9Ingas
o = (logJ,-logd ) / (togE -logE ) Iaeimus J, uaz J, T 0.1 sz 1 mAem® daarudududisuin o
AN Ag,C UAZAT O = 35 Bi-Shiou Chiou {1993) lALATEN MnO, doped Zn0O-Bi,0, varistor
ToldiFn 0=14 M. Tomasevic-Canovic (1993) 1#1#3au ZnC-based varistor dalfiAn 0t=30 T.R.

Narayanan (1995) I3t ZnG-Bi,C,-Co,C, varistor  TaaniudniugszuinanszuatwinAuusadilviy

'
ar ol

(1 vs V)uarsznd19m A WAL ws iy (C vs V) APl BN U UAIR 1EAN
0L=40 Tyh. Kuang {1995) lflei3tn Zn0-V,0, varistor wuﬁuﬂ’ﬁﬁlﬁLﬂuiﬂﬁuﬁn(non—ohmic property)
T.RN. Kutty (1996) l#lsTen 94.5Zn0+3.081,0,+2.5C00 4nlaeltgas o= (logl,logl )ilogV,-logV.)
161 0L=65 B. Meyer (1996} lﬁl,m?*ﬂuﬁ'muﬂmﬁﬂmea'é‘ﬁﬁl,mﬁul,mﬂmaﬁ% low-voltage varistor
composite 789 RN AT ZnO+0.01Bi,C, fulwAefidu (polyethylene) dafamwiIunIu
TWA(P)1#Fn 4.0x10"" Cdem Soinnanndenliifududuld o-10 Taraunusaadlé BE = 190 vim
S.A. Pianaro (1997} 1fTeid (98.95-x) mol% SnO,+1.00 mol%CoO + 0.05 mol %Nb,O, + x %Bi,0, at
fx=03 AndvsE WA a=10 Tfw3un Zn0+xSn0, iile x=0.05, 0.1, 0.15, 0.2 TneiAEnsvin
NI LAUM S UL AR {(conventional powder processing routes) qmmﬁ%mm@’?ﬁlﬁm 1150-1275
°C ATARBUINAFIELAIE XRD SARTHIIN UL (P) saugas P=mN  AsaraaulAsaAiINganIAIt
Fa09 SEM  Amnszualuiniit uiuusadulin (lvs V) LAZAR M LN T I T g T (U
vs E) wisndulss@viaralifiudadu () wsedusnanat (BY) uasaunuusaanl (BE)
(Anastasion, A., 2004)
U‘ﬂmmiﬁ'm%’mﬁumiﬂi:ﬂﬂm"L‘iﬁfJﬁaLﬁmﬂﬁﬁwﬁhﬁﬂu@ﬂniniﬁﬁmﬂﬁngmmim‘émmﬂ's‘
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ar aF e ar Y

51 nsaansEud Wi tunuwsIau I e 3 anes
SaarnaiintadnszualiiiuiuureiulWfiuassiaguf 5.1.1 arsdantnailineses Ae

Commercial varistor (10D391K), ZnO+0.01Ag,0, FeTiO, wax Pb(Ti,Cr, )0, vt 220 v iinduwn
(input) a8audiuan (variac) wituaAszulasaiuanAilelliuanaAwiietainlalaem syl iy
wsasuanwsius paz i ivle s lwiniia 220v wilaali 1300v ileulasusesuligeiy usadu

THranwliaudadiiiazananszualfiluad i R | duansietnaidusrdawmas g 100 mA

28NY1997 Common Wanuinfdanszualii - 49 vO iU Common YuindidnisasunnAsanansuze
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(v) uaznz=uali®i (1) a7n Fluked5 Dual Display Multimeter aviAABWAans RS232 i Aoufiawes
TneldTsunsy Qs45 acuaumsta nslTsunss Qs4s sinldTaeduaninnouianes saauiy

G R CD_Q545 U9 Enter Wi QS 1 Enter g 2 naendulufany 1 1ae Altex st
penfinie fideunieflafilne W4 ALT+ uda Enter iy Communication established  AaNfinweiaz
Aaindaganyie TD (11 2) W1 RD (11 3) 184 Flukeds  wagpulifuaznszualiina n Flukeds az

WRBUARANAINTN TD (21 2) 191 RD (21 3) 194Aanianes  ABNARIREFA=UAR V LAY | Uuse 7
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v v .
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A3 5.1.1 Ao (L) dudhdudngna (d) uwssiausaanad (BY) uavdilse@ns il

Vi (O 284 Commercial varistor (100391 K).ZnO+0.01Ag,0, FeTiO, waz

Pb(Ti,.Cr, )O,
Sample L (mm) d (mm) BV (V) Ol value
Commerciat varistor - 287 9.989
(10D391K)
Zn0+0.01Ag,0 1.995 11.565 60 4.35
FeTiO, 3.57 11.13 156 9.55
Pb(Ti, .Cr, .)O, 1.95 12.26 325 24.19
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Applications of PTC ceramics for the operation of overtemperature device,
overcurrent device, air flow measuring device, constant temperature heating

device and delayed-time switch
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Uszensldeuvesans Mafaeradiadmiunmmeaasuatsiitssnaufeodasio LP , n1in DAQ uaz
uatdn Srai,Ti,0,, uay SnO,+0.5Cr,0, Havmswnmaindulansfiguuniivindy aimvieasdl
&utlsz@nte naunlassamndmmiiiduuan (o) Sa1 15.52 %/°C uaz 15.71 %FC wasguunilss (T,) &
A1 70.25 °C uar 60 °C muAady angvisaesuanstlsingnenfind nnlszgndfliuaesans SBiTi,0,,
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Abstract

This project involved sample preparation from starting materials in pewder form.  Physical
properties of the samples were measured.  Applications of the samples were determined.  Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW. The
resistances of SrBi,Ti,O . and SnO,+0.5Cr,0, increased as temperature increasing.  The positive

temperature coefficient of resistance (OL) of both samples were 15.52 %/°C and 15.71 %/°C and Curie
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temperatures (T ) were 70.25 °C and 60 °C, respectively. Both samples showed PTC effect.
Applications ¢f 8rBi,Ti, 0, uwaz Sn0,+0.5Cr,0, samples for overtemperature protection device involved
the temperature dependence of resistance which voltage drop across on the sample increased with
temperature.  Greater of virtual instrument was used for comparison between setting voltage and
voltage drop across on the sample.  The output result will control relay circuit.  Relay switch will
change on and off state which will control the operation of sclid state relay.  Solid stale relay will control
power supplying to load such as oven and fan, etc.  The function of cvercurrent protection device of
PTC device involved the principle of PTC device heating due 1o icad heat.  The resistance of device
increased which the current decreased and overcurrent protection can be done.  Application for being
air flow measuring device and constant temperature heating device and delayed-time device of
commercial PTC device involved PTC effect which resistance increasing with temperature.

Keyword : overtemperature protection device , overcurrent protection device |, air flow sensor, constant

temperature device, delayed-time switch device LabVIEW
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Sn0,+0.5Cr,0, 0t LabVIEW meﬁagﬂﬁ' 6.1.1 #5W Front Panel uaY Biock diagram &1m3un13ia
mmﬁmmuﬁ%uﬁuqmmﬁmmL'n'i’wﬁnﬁuuuﬁﬁ% SrBi,Ti, O, WAT SNC,+0.5Cr,0, #ntl LabVIEW Wansy
gﬂﬁl 6.1.2 nszualfialwih 5 V (11 14 184 LP Connector) Tuarusniuniuivas (R ) 10 MCQ uazans
Fantiaidaud I R, uafuliianAsan R uaz R R Hldn v, waz v, anudnsy wazazdin iU
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Application of ferroelectric ceramics for capacitor in dc electric field and sound

measurement
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Abstract

This project involved sample preparation from starting materials in powder form.  Physical
properties of the samples were measured.  Application of the samples were determined. Instruments
for sample testing were constructed and compesed of LP conneclor, DAQ Card and LabVIEW. The
PZT sample was a diameter of 13.15 m and thickness of 4 mm. The resistance of this sample was 162
MC2 and capacitance was 1.35 nF. Capacitance increased when voltage increased. The electrical
resistivity, electrical conductance and electric power were 12.00 MC2, 0.083 (MCY) " and 0.0678 W,
respectively. The voltage dependence of current of PZT sample was a non-finear. The sample
showed charge and discharge and can be use as capacitor in voltage source.  Sound measurement
was studied.

Keyword : ferroelectric ceramics , capacitor , LabVIEW
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Applications of ferroelectric ceramics for the operation of capacitor in ac electric

field and phase shifter
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Abstract

This project involved sample preparation from starting materials in powder form.  Physical
properties of the samples were measured. Applicaticn of the samples were determined.  Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW. When
physical properties in ac electric field of PZT sample was measured hy increasing frequency,
capacitance decreased, dielectric constant decreased, dissipation factor decreased and electric
charge decreassed, but quality factor increased. So, the sample can be used as capacitor and phase
shifter.

Keyword : capacitor, phase shifter , LabVIEW
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Applications of ferroelectric ceramics for the operation of high pass filter,

coupling device and frequency sensor
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Abstract

This project invoived sample preparation from starting materials in powder form. Physical
properties of the samples were measured.  Application of the samples were determined. Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW. When
voltage frequency of PZT increased, impedance decressed, but conductance increased. The sample
can be used as high pass fitter and high frequency device. PZT sample can be used as coupling
device and frequancy sensor.

Keyword : voltage filter, coupling device ,frequency sensor, LabVIEW
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Demenstration for natural rubber for the operation of low pass filter, phase shifter and frequency switch

device using the LabVIEW-based measurement system
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wsasA U 9595077 lutaa 1200 Hz B4 7200 Hz Uringidnfwaudansesildnanas o0
senunivwinfiuguUnsainsesusafunniidain Wedsesussiuliinaduiifiaaai 114.8 Hz a0
m‘%‘mﬁ'nﬁmﬁ’ryry'}mlﬂﬁwcjm‘[uamu.ﬂ:mqwud’]mqmmEnﬁﬂuﬁwﬁﬂuqﬂmnﬁﬂumﬂ n1eneL g
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Abstract

This project invoived the measurement of physical properties and the appfications of the
natural rubber sampfe. Insttuments for sample testing that composed of LP connector, DAQ Card and
LabVIEW were prepared. When voltage frequency of the sample increased in the range of 1200 Hz -
7200 Hz, the impedance of rubber decreased. So, the rubber sample can be used as low pass filter.
When ac voltage of frequency 114.8 Hz of signal generator fiowed through load and rubber, found that
the rubber can be operated as phase shifter.  The operation for frequency switch device was done
using virtual instrument that was Greater for comparison between setting voltage (Vset) and voltage
across the rubber (Vs). The results will control the function of 6V-relay, solid state reiay and high
frequency alarm. The used sefting voltage was 3.2V The adjusted voltage frequency was in the
range of 1200 Hz - 7200 Hz. So, the rubber sample can be used as frequency switch device.
Keywords : natural rubber, low pass fitter, phase shifter , frequency switch device,

LabVIEW
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Abstract

This project involved sample preparation from starting materials in powder form.  Physical
properties of the samples were measured. Appiication of the samples were determined. Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW. These
samples can be used as electricat hysteresis loop demoenstrative device, frequency selection device
and electroelastic demonsirative device.

Keyword : P-E hysteresis loop, frequency selection device, electroelastic effect, LabVIEW
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Abstract

Depth sensor was tested with LabVIEW Program

Key words : depth sensor
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Applications of commercial piezoelectric device for the operation of charge coefficient
(d,,) demonstrative device, vibration sensor, pressure sensor, transmitting and receiving

water wave demonstrative device and pyroelectric demonstrative device
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Absctract

This project involved the determination of application of the PZT sample. Instruments for
sample testing were constructed and composed of LP connector, DAG Card and LabVIEW.
The measured charge coefficient (d,,) was 0.53382 nC/N.  Commercial piezoelectric device which can
be applied by direct effect were vibration sensor and pressure sensor. Commerciai piezoelectric
device can be use as transmitting and receiving water wave demonstrative device. Wave transmission
involved indirect effect and wave receiving invoived direct effect of piezcelectric ceramics.
Commercial piezoelectric device can be use as pyroelectric demonstrative device.
Keyword : charge coefficient (d,,) demanstrative device, pyroelectric demonstrative device

vibration sensor, transmitting and receiving water wave demonstrative device ,

pressure sensor , LabVIEW



160

sasanantasd dndnwWAnd FeulfiFnR@ndien matnWEAnd Ancineimart awinendpasiatuaiund

walug) agman 90112 dsmnalng
'Assoc. Prof., 2Physics student, Materials Physics Laboratory, Deparlment of Physics, Facuity of Science, Prince of

Songkla University, Hat Yai, 90112 Thatland. Corresponding e-mail : tongchai.p@psu.ac.th

G athe
n) s iinduieladanssn

R.P. Tandon (1992wt danuanszing PLTIO, +0.01Nb,O, il Araldite Wi lwnde
mau nnstwas (BE=50 kviom) anasitladidnein 4 d,, 14 high potential breakdown

tester dpAN LI IusARIleaENETn veanulalasiiy R.P. Tandon (1993)18A70

'
=t

Po(Zr Ti, O, ﬁuauﬁu commercial chloroprene rubber ﬁ?‘}%@ NNWaY  Jh acoustic sensitivity #
AU frequency N Iwasawa (1993) Tamsand iR lTBianesn (PZT powder+30 wt % epoxy
solution)  M1IWAY (200 kV/icm) 99 charge vs frequency yageuTui AN sdu NEwungdneni®
wEAR (PZT device) neaoL W AT S AA Ay (pressure sensor} Inan13imusasuIndl Ty
Farfumeaanais (Juhyun Yoo, 2005) Simaassaneussiuliinldensal PZT fiuds finndugansls
and (UV wave) afm UV T:Lﬁﬁﬁuﬂﬂn?cﬁ PZT Uil Wi inGy  wanusedulwivaansdne
a9ATAlaAlA1 (Naboru Ichinose, 2004)

a) EsRAnAlnlsaanasn
H.D. Sharma (1995} 16@nm1 gadolinium-doped PZT Tasinsiadudse@n nlsdiénasn wudn

ﬁuﬂ?:ﬁwﬁrﬁqzﬁﬁﬁLﬁuﬁuiummzﬁqmugﬁLﬁu%u Kanchan Guar (1996)1#1A788a17 HoCrO, ,.DyCrO,,
ErCrO, wiaim AT lod Ensin Twm’lwﬁuﬁﬁm%umqLtﬂ:ﬁuﬂ?:ﬁw"ﬁrmﬁLﬁnﬂ?nﬁqmvgﬁm’wq

v miieadasiunsdszndamiindielis dnsin i fidugUnsaianinns iasn
Hutler@vinleza (d,) safaniedu Fadnee sy Qﬂmrﬁm%mnwmLLa:miﬁ"UﬂguﬁﬂLLﬁxgﬂnmim%m

nwlsBuinssn

Fanansaluasdinas
111 msdszgnaldiflugdnsaimanisinadanlszAndalszq (d,,)
ﬁ"mLﬂ?’mﬁ'az"ifmi"umswma@uqﬂnmﬁﬁﬂ‘[m‘ﬁﬁnm?m?ham?ﬁﬂﬁﬁwﬁﬁﬁﬂuaﬂ nsndangmnIs e
AdnlszAnanlszy (d,,) &5t LabVIEW uans@egdl 11.1.1 a¥7a Front Panet uaz Block diagram w3y
nieasevgUnsaditeladidnesndentedrliinuihfidugUnsniaanieiasndulssAvi ez, (a,) doe
LabVIEW uamedeqil 11,12 ansiaathedilivaass e gunsnfiialadidnasnidentsén ﬂﬁ'ﬁ]ﬁ@ﬂmﬁﬂﬁ
flma m towin mg WiadeuRhlaugunsol P2zT gunsnfafhuanfeleddnminastldeatszalnin q
aanin Az C ’Q:Lﬁuﬂ?:ﬁﬁﬁﬁ:ﬁﬁmuﬁhd Anfifviuiiaseainiu v mawdeuiiveslszq
azipAouRRTE L (s lwAnsiasd) Anntlizalii g ang = cv uaznuin mg vinl4
finusesu Fidla F = mg  AndudsrdniszaviedulezAviiie ledifinesn (d,) sunsadiunddann
4m3 d,, = aq/f lounusnfazli d,, = oF =Cvimg Fufiutlsrailannug 18nF undu v azandii Ao

184 LP Gonnector 611 DAQ Card i Computer Tmﬂﬂ’]?ﬂfmﬂmm DAQ Assistant &4 v TU#


















166

> o CO ) as o ¥

11.4 msdszanaliitlugunsnianianisdauasnmefuaiui

ar ﬂl = o o Ly L=t - o = = 2 i o i dl L =

foirasiaduiuniniszgndguUnsnbife s dnmndensfinliinmhndugUniladanisds
WAZNNITUARLTNGIE LabVIEW WAasAagUi 11.4.1 4314 Front Panel WAy Blook diagram #1133
Uszenigtnsnlife leaidnainid sl audidluginsnlaniamsdeuaznisFupiunisng LabViEW
waeaiagl 11.4.2 1 For Loop uas Greater aF1susadulwih g Anfen 0 v uaz 5 v afurii aanin
371 DAQ Card Waz@8ny1¢ Pod 984 LP connector WwenisATLANTAS DAQ Assistant WA PZT

. o A oo X ar L4 i . . A4 =

Transmitter HARMTIATWIAEeABLIINgNTRikLLEaN (indirect effect)  ARUAUNNANNITAY PZT
Receiver Husamnlwi (v) dfatulnzardedsingnisnlutnmss (direct effect}  wsedulnin v azunudn
11U analog input 0 (AID) 284 LP connector €11 DAQ Card vl Tupaufiused lagnisaiuantas DAC
Assistant?  wAR<WIAUIHHN V Fael Numeric Indicator L@z Waveform graph  WHI9I&INI5YIN4T284
flsunsufint Millisecond Multiple  Stop (1 Numeric Control fivwiniidlsuastlan1svaeiu For Loop
A¥ATUANNIIANILETueeldsunsy #afu Program iauanns W voltage vs. lime  d3Auw Front

Panel W&z Block Diagram #19¢ Printer

PZT
AlD
receive \ .
LP Connector DAG Computer Printer
| Card >
PZT ___,
transmit Po0 Al Gnd

;U 11.4.1 nsdasteadladguiunisszyndadnsolireis@idneinidani s by

a

diugunsndaidanisdauaznisfundunigig LabViEW









169

gnsndanlanulszalWinaeninannvielles ﬁ:%uﬂgﬁuﬁ’mﬂ’nﬁLﬂﬁﬂuﬁiﬂﬁugﬂﬂiniuﬁqqﬂﬂ?tﬂﬁ@:
dsnatlsyaliiaanin manwmmamémﬁmmmﬂa:qnﬁﬂﬂﬂsnﬁﬁlﬁﬁmﬁﬁﬁLﬂuqﬂﬂ?ﬂm%mmﬁmm
FulszAniuszalvin (d, )18
2) Wadan1sdu

manﬂsﬂizqnﬁfqﬂninﬂ,ﬁﬂ‘[’n%lﬁﬂﬂ?nL%qm'sﬁﬁ'lﬁﬁwﬁnﬁLﬂuﬁ’ﬁmmiﬁu@hﬂ LaoVIEW {aRAdAs
gﬂﬁ 8.2.2 Lmﬁu‘lﬂﬁﬂﬁgﬂﬁlmmﬂmmuLqmLﬁm%w.ffmmnmmaaﬂmngmmﬁmumm (direct effect)
apaers Andins Tafianssn

3) ¥adnAnNAY
nansuszanAgUnsndifaiddnaindensi iwifduisdannudusiig LabVIEW wand

fegUfl 8.3.3 nisAsuussiuiniisunar luaneiigunanlléfuunmuiniuieninuates
Usngnisnduuumss (direct effect) Tavipsiindifeleddnsin

4) 'qijn‘irﬁm“ﬁﬂn’]ifs\iau.aznﬂ'i'}'nﬁﬁuﬁ'l
uﬂﬂﬂ?ﬂi:gﬂﬁ‘f@ﬂﬂiﬂﬂﬁﬂh&ﬁﬂrﬂ?nL%dmiﬁ'ﬂﬁ‘ﬁwﬁﬂﬁlLﬂugﬂnﬁmiaﬂ%mnﬂidaLm:mﬁmﬁiu
¥ LabVIEW LamaFagLTi 8.4.2 gunsnimsderduinnulatendauatessinpnisndiuudon
(indirect effect) Taazmiindifelsdidingsn gunsninisfuaiinnulaeednamealsingnisnduoy
R34 (direct effect) anugmAndine 981 &nm3n
5) qunsnianBnlnlsBianasn
ﬂ’]‘j‘ﬂi‘:tgﬂ[ﬂ"iﬂ"@ﬂﬂiﬂILﬁEIT’H@Lﬁﬁﬂﬂ?‘ﬂﬁﬁﬂﬂﬁ‘ﬁﬂlﬁﬁ’mﬁﬂﬁLﬂuﬂqﬂﬂ‘i‘ﬂiﬂ’]ﬁm\lwiﬁ‘%Lﬁﬂﬁﬁ‘ﬂﬁ?ﬂ
LabVIEW uaaadagLlii 11.5.2 LLNﬁu‘lﬂﬁqﬁ%uﬁuqmuqﬁmmaﬂmnﬁtﬁW-nnnwﬁiwminﬁmﬂ%uuﬂm
lumm:ﬁ@mwgﬁLﬂﬁ‘ﬂlﬂﬂ%qﬁﬁ@ﬂiﬂngm?m’lw‘ii@Lﬁnm?n windiralmBiansinuazias andlnlsfian
sEnsneRuamanRmasREnnttuasiiine lnafudetdlonionead wsaiilnlsdnsind
Jurugnmniressnindinlstdnasnazintudssgnadlui i unsusasield

q

AUNANTNAABY
1) LabVIEW arxnsnuassnisangamsisygnaidassaUnsolins lediansindanisdnliinuihadu

aunsalanaanstmendulszanatssalin (d,) 18 o, #daldien 0.53382 no/N
2) Qﬂnanﬂﬁa‘iﬁﬁnm‘éﬂﬁqm?ﬁ'ﬂmmmﬂ?xﬂ_nm"l‘ﬁ;ﬂuﬁﬁmn'ﬁﬁ"u
3) uniniielaBidnaAingenisianisodszgndldidwindananusuy
4) @ﬂnﬂmﬁﬁ‘[’n%Lﬁnﬁt’%nL%dnW‘iffhmmsnﬂﬁzqnﬁ“l*ﬁlﬂu'aqﬂnmfm%mmimLtﬂxmﬁumﬁuﬁq
5) gunsalifeisdidnainidinisiaimsnlfiflugdnsniandadsngmmnilnlsddingsn

6) Wanupunivaasianuasaalliuniy LabVIEW uay DAQ card

fAndnssnilsznia

=t

filauunrnuanneminenfaaaaiuasuniduiunsatiuaai iy uide (2550)



170

LANA1SD19D

Buchanan Relva, C., 1991, Ceramic materials for electronics, second edition, Mercel Dekker Inc.,
New York.

Juhyun Yoo, 2005, Piezoelectric and dielectric properties of La,O,-BiNa, K)TiO,-SrTiC, ceramics for
pressure sensor application, Sensors and Actuators A: Physical.

Kanchan Guar. 1996, Pyroelectric and dielectric properties of some heavy rare-earth orthochromites,
J. Mater. Sci. :Mater. in Elect. 7 : 35-38.

Moulson, A.J. and Herbert, J.M., 1990. Electroceramics, Chapman & Hall, London.

Naboru ichinose, 2004, Ultrasonic transducers with piezoeltectric ceramics,
Journal of European Ceramic Society, 24(6): 1681-1685.

Sharma, H.D., 1995, Pyroelectricity and change in polarization gadolinium-doped PZT,
J. Mater. Sci. Lett. 14 . 788-789.

Tandon, R.P., 1992, Feerroelectric properties of lead titanate/polymer compasite and its application
in hydrophone, J. Mater. Sci. Lett. 11 : 883-885.

Tandon, R.P., 1993, Diclectric, piezoelectric and acoustic properties of high performance piezorubbar

composite hydrophone, J. Mater. Sci. Lett. 12 : 1182-1184.

116 mslRuainimihinessunisdauazmsiuniuganmloiing
inwnafiededmnnsltiia vt inaaaunsdauaznsfunaugarsisinduaasieLd
11,61 #¥3 Front Panel ks Block diagram dwsumisliuatiavnuiiinaasunisduaznisinfiues
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12.  nsilszandldransefindwimanivesisliimiadualnsaiansn
nMstaaunutman aunsoigannisiausaaindn gunsaiinanaduay
AMHLEY  adnsaidamsluszasainid  gunsaldauduRuluiuasnisuan
e naw
matszanaldnasiaanindusimanineslslimifitiualnsoiadanisdn
aumwimin alnsciaaanisiaussusiinan alnsoiiaenuiuazaanusauay
ginsalinnisluarasainma

Applications of ferromagnetic ceramics for the operation of magnetic field measuring
demonstrative device, magnetic force measuring demonstrative device, frequency and

velocity sensor and air flow measuring device

as a o e [ 2
TA. 618 WUDLNDBIOND ﬁ%um WNIALHNAHD
Thongchai Panmatarith’ Sirinporn Keawmeka®
UNARER

Tassnuitiodasiumseusteuasandaspsiuiidum  daaniRdd@nduazlfuinis
dezenifldanassans Tafarasiledmiummassuansiidszneusnedose LP, n1ia DAQ uas
ua s WaFawiausiudnatasanesind CoFe, 0, dopuinmavyuasagmindududn CoFe,0,
fAnAndwsan 16 Hz Wil 45 Hz wodawswhudnidnléilan 0.06 mwb/m’ £10.1 mWwb/m® u
wlmdnideanirnindusivén CoFe,0,Agaiuuiananilan (F) 0.021 N Juhsuwiu 2.1 g e
Auussiulfdnildfurusmefiinszuasss  wiaimdnadls (CoFe,0,) aninRauiinainues
= rdl o 3 =3 -:ll P =i dl' o ° aa 5 d'

Fiad W Fuawnulmdanindouwarmninanasiusanisulwihumieminfinag - auiinismuee
el o oot Ha & red o O -
NawaininlAlaedEnnstlilAn 31.44 Hz wazAEareIN sUNLIBNEEa A 1.97 m/s  Asluasiind

CoFe,0, axnsnmmiwiilwiiaanivasininaoudy  amindwiménivasls CoFe,0, a1u50%n

'
=

17 ol a ot T
wihidlwisianisluareseinialaserdawannissesngueanisiae

1§1A - gUnsnlaEAnsTeaunwsivan  aUnsidanBanisinusauiingn

& 7]

=,

gunsndinaninasanade  aunsaiianmsiwataeeinma ustfa

3

Absctract

This project involved sample preparation from starting materials in powder form. Physical
preperties of the samples were measured. Application of the samples were determined. Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW.
Permanent magnet was made from CoFe,0, ceramics. When rotational frequency of CoFe O, ceramic
magnet increased from 16 Hz to 45 Hz. The measured magnetic field was in the interval of 0.06
mWb/m’ - 0.1 mWo/m”, Magnelic force of CoFe,0, magnetic ceramic attraction with iron bar (F) was

0.021 Nor 2.1 g. When the one value of voitage was supplied to dc motor.  CoFe,O, ferromagnet on
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fan moved and relay coil that received this magnetic fieid will occur the induced efectromotive force.
The measured rotational frequency that measured by this method was 31.44 Hz and rotational velocity
was 1.97 m/s. So. CoFe,O, ceramics can be used as frequency sensor and velocity sensor.  The
CoFe,0, ferromagnet cam be used as air flow sensor vir Faraday law's principle.

Keyword : magnetic field measuring demonstrative device, frequency and velocity sensor

magnttic force measuring demonstrative device, air flow measuring device , LabVIEW
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T. Tsuchiya (1992} Tssen CoFe,0, thin film %QLﬂuiﬂﬁ;MﬂﬂTﬁtLuuﬁﬂu (soft ferrite material}
1HTmaennanusivan (magnetic hysteresis loop) 'l“’ﬁl,ﬂ?“‘rN Vibrating sample type magnetization meter
%ﬁmwﬁﬂﬂmmqLLajmﬁnﬁqmugﬁﬁmj {magnetic susceptibility vs temperature) M.K. Fayek
(1992) §eTein CoMn Fe, O, 'TﬁﬂﬂﬁﬂﬂflTﬁﬂiwﬂﬂﬁ‘qmvgﬁﬁhd"|LLﬁ;‘:ffﬂLﬁ‘ﬂ’lm@]"i‘fﬂgﬂﬂ’]?téﬂqmu‘ﬂﬂ@
1 m?ﬂuﬁqmﬁ?m Neutron diffraction spectrometer  Akimitsu Morisako {(1996) 15F3eM Ba-ferrite films
zﬁw%’uﬁmﬂniniﬁuﬁnumuﬁnﬁﬁmmumuﬂu@;a (high-density magnetic recording media) WAz 6130
M-Hloop S. Yamamoto (1996)1f3ei Co-YFe,0, film Frmvnginsolfufinueimaniisam L

adfivms R.C. Puliar (1997)1éidem BaFe,,0,, fibres uaz Ba,Co,Fe, 0, fiores &wiuyinunawimdnuaz

s
=l

FLiadnEnirTeansAanATed XRD WAz SEM G, Eiwin (1997) Witsen SrFe ,0,, Awiuvinuviausimdn
0115 uazlf TR M vs Hloop J. G. Na (1997) 1isifen CoFe,0, thin film &wuinginsalifuiindayssios
WIWAN (magnetic recording media) wazlddpanwnisinlwdl(electrical resistivity) LA s Anadiun
(Seebeck coefiicient) Hganmsuniiiagead MatsdntdiilEunauNman 4 Tnaaadiisa
ANNUHIMENA AWM isTnLseaUANTEIENs (Kosmas, K. 2005) SIfiATes BaFe 0, L
warliifin La,0, n9ennsin B-H w1 B,=0.95 T, B=0.537 T Az H,=348.94 kAm™ viasaulszgnld.-

iindanislua (Babu, V., 2002) HHB0NUULLATANNUNENEAZIZULNIIANITUAN USSR UINULAGH

'
et

Tuanufftanunsn ddmiuneiausansrwiniinausswicivdnuazdmiunsia
aunnusimdnFiinnsuanuadluaufii (vang, w. M., 2006) iigignAdunsuuGeameslsmugiusas
wansiarasiaiiilamnsimdn EAnmnafauunilamdu (s, A, 2002) Bl¥nsmeaeunszua
InsauitonsisinuazunBancasdaunnsaslsdanin i (Helfe, B., 2006) 7 nwwindaymids

i =3 il & = o & '3 . o
wimdnuuuawsanfilienvimniduwuud@asduineuiaeendegUnndaead (Schott, C., 2006)  Hgisizuy

[
=

aumAawIlu O-Fe,0, stmsenan Saudanudnunniiladunsdnelan 0.09515 emug” uazlaweaiFistail

AN 817.5 Oe Ngmuuniiied (Jing, Z. H., 2005)
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unaniifeadaaiunmsdszgnfmmfnduimine fisliiwiidugUnsnlanansdn
Auuulman gunsnianiensdausslvdn ansniinannivareauiuazatnsndianrluaes
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o a 2, w2
TanalnTniuazitnig
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121 nisuszenslgituainsiaBanisdasuiniivgn
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12.1.1 MFASHFWIHBIIANAIINLTIR

frrraeilaiaaieanuuivAnAuus e (high strength magnetic field) Sauanslugili
12.1.1 daeeliing 220 v sndndasadiin 220 v-48 v ufeutladiwinilazudaauseduiin 220 vl
Tidu4sv dalufalaleafdauuuuiasinaul asuseiulnionszuaaau fiidunssdulnwinszuanse 49
Wnflaneamnsaanszua o seneudaaiafivdszqluia 2 5o dfenseaussdniin g3 e vFailanped

wrasui AT sz 54 v asgnasliiaaomudeniy Haunuuisén (8) Watuaunguesuanulf

' 13 '
dl‘b 1 = =1

B=LINi/L aunnudwdaniildaiadudoune 1.314x10° wom’ (meluwmundn) - aunsusiminildiaing

]
= ar

Audrunm 0.26 Whim® (RHNUE1559984)

Low Voltage BT
N High Current
D1 D1
Power 1
— Cap
Supply D1 D1
220V 48V Ca‘l’ Induction coil

#1211 nnsdnadesiiaiaiaaieaunudinAnAnuIsage

12.1.2 NIFIRRUIHLILARNU AL I RNAUHBRNAIE LabVIEW

ipGasairasunnuiivananuusage (U7 12.1.1) fnswilaodianiindusimén CofFe,0, T4
nanuluuvisusimidnans  dardadeduiunisiaauinwiipdnaaaesindudivdn Cofe,O, fne
LabVIEW uasa@agiii 12.1.2 %19 Front Panel uas Block diagram &1MLINIeIRaudusiman10 s,
=Y ' 13 i ar = ar 1 ain 1 =4 = ' =3
Andumdn CoFe,C, At LabVIEW uaaafaglil 12.1.3  arsinadwilineaes Ao sdndutiman
CoFe,, ##AuuNT 2.48 mmuazidut1AuENae 12.73 mm

NIIUIAATATLIUAUILILHIVAN

nazualiin | andesnuiledyiniwitluaduraas afiiiauousay N 9au uarilaauenaunu L szl

AUNHUMIWAR (B) Findu

B = LNIL = LM (N ) (1)

e LU AT A WU T W RN IEUNUEANTAAYS AN TN MU ANIESA I N ALAS AT
4 2 ar gl

ANWTIUTN IARUAN AN

-7
L, = 4TTx107 Wb/Am L, = 397 (2)
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ATUITUATIHNENRIRIUARIA (L, ) FINART

. — — . —_ a . - 2 . — -3 .
R=pLA;L=L,, =RAUP:R=R,,,=37390; p=1.7x10" Qm; A= Td"/4:d = 0.47x10" m ;

wire
A=0.174x10° m” ; ifla R Whuarsunueeaaaaan p dusnwiunulnfitzessan A du

wunmiAsanaacs ey d idududhaudnansasrnacn

L, = 3826.9m
e L, iuasneaisnnaresannay Ly, HuAneneesaa67a 1 161
Ly = Tod = (22/7)(5.156x10” m) = 0.016171 m

Tturn

AUTBLURAAIR (N) AN

/L =236436.9 turns (3)

wire Ttum

N= L

L =1cm=0.01m (4}

core

FUUTALUBIVARIA (N) RENTNLILANEN28I4NY (N/L') FAN

N/ L yre = 2364.369 turns/m (5)

Annnazua i luadwrasas ldandamdaensiuininanaseninan RL uazA HFnILL0g
Tuas RL feaNNIs

f = VL/RL = V/RL =V/3000 (6)

iln R=RL=3 KQ

B = 1.18x10" {V/3000) {7

wradulnd mnmasenluan (V) @:gnﬂfﬂm%ﬂﬂuﬁqLﬂfaﬂmm:ﬁ'xlﬂﬁﬁmmmmﬂmmm;uﬁnﬁLﬁm%uﬁ'
URRIA

nezus IWianunasi e IWd nszuanssluatnsnaima s AN TERARS (de motor)  WARNAZUHUUAT LY
wivEnaseReun Iamnedhatidiuanuimaninduua lamunsiaiieasdeu i istoo
(V) Faan gausasulWianesan v g analog input 0 (AID) 184 LP connector  L39Au V aziny DAQ
Card wnlilupssiamesfipanisaivauaes DAQ Assistant #4usei v L7 Amplitude and Level
Measurements [ialiinanadhu Virms)  uanqusasa (V) e Numeric Indicator  wuaaisasing (v) il
AUNHUMINAN (B) At Formula wazldannis B=fv) 4f70 B = 1.18x10" (V/3000) ANADE4
aunssvn (Aonufinesunma o atiluT 15-45 Hz FaAnnud £ 18 Tone Measurements LAZIARILA
§iae Numeric Indicator  LaAgARNA RS IEN AN AR TAUTUANT (B vs f) ot Waveform Graph
WAINNIILasilsunsNASH Millisecond Multiple  Stop 1l Numeric Control Frinfudlanas

Tan191eu. While Loop azAduAxnIsineut)iusesitsunsu yinliuamefugu &9 Run Tsunas

Wauamans W magnetic field vs time  &9ANA Front Panel uas Block Diagram @7t Printer
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a’ o =
12.3 msdssgnalditiugdnsiiinAnabuasAnae
Faetaedladmiunislszgnaiesindulimanivesls Cofe,0, Wiwihidugnsaiiamaiud

wazpNLIfine LabVIEW uaavfegUfl 12.3.1 a¥1e Front Panel LAz Block diagram AwFunisuszenet
wmsnindusimdnasls CoFe,0, Tivuihiidluminsniipanuiiuazanudofion LabVIEW LARIANLI
12.3.2 anssnateildveses Ae lriinduwlmén CoFe,0, AlATuuun 2.48 mm uaridusARdNa 1
1273mm  wwasaeWRnszuansanenszualwi matiuseatauaned  namefazwyu fauansh
L s 4 4 . o . e D e A4 m
Wuwisudmdnazinfsuilaonmygusrensipsadiiad  wadaldfuauuudiviniliadiaziia
wraspdouliuiienin v deusaduli v idin Al e DAQ Card 1 Computer Tagnisauansas
DAQ Assistant  1l@tuminera s Wian v andiu mv wdadslui Amplitude and Level
Measurements W8 lHULAAAN V(rms)  AanRuAeiarinAudn suyu f 52g Tone Measurement
. < Y 4 . o o o
AunANIEIN s v BatagRs v = O = 270 1EE © = SEmavygy f= anadidadu o = aud

Fa wes v = Anuiadadu AenfiomesazuanIA1ATHD fuazA1MiFd v fagl Numeric Indicator
fo o
wthhidauas

= o

wiaranisnenaesallsunsudiae Milisecond Multiple  Stop 1y Numeric Controf #i%
Tan1m1e1u While Loop azaquannisvinawiiueasiUsungs & Run lsunsy udaWuawmafugu

WO LARINITN velocity vs. time (v vs 1) §inel Numeric indicator Was Waveform Chart  &IWNW Front Panel

WAz Block Diagram #1¢) Printer

Magnet
Al

DC Power
LP DAG N Computer

Supply Connector Card

h A

Motor Relay Coil
Sample : CoFe,0,; V,=vBL; B={1/2TrL)(V/M); L=168.6 m; r=0.016 m

7% 12.3.1 mzdnwaiasiiadmivnsdszendiemiindusivaniesis Cofe,0, Ty

a

guUnsaiiaAnuiiuazAaiasion LabVIEW
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12.4 nsUszenaldiflugunsniiamsluaaasaima
ar 4‘ =4 lﬁl o :il < T = » I3
dnwtesdeinannaauginsniisnsluazsesenmaivininanndemmindulimdniesls
CoFe,0,#78 LabVIEW fsuanilugil#l 12.4.1 #5149 Front Panel uaz Biock diagram & miunaget
aUnsnidanisinaraseniaiiiuanesindulndnmasls CoFe,0, fize LabVIEW wanfagiy 12.4.2

=

anssnatneitldnases Ae amiindlvan CoFe,0, AilAumwn 2.48 mm uzidudhaudnans 12.73 mm
tgaglyin 220 V undaiaaulin (efectric Fan) ananwasuiazinliluiagesdalnas (motor) 34l
Wisisdnmiing (ceramic magnet) Sadaeckianimmu 1nsiavediad (relay) ITUaU L iRENT
wasuulasmunafasiusaeaou i wiienn (V) Faty WTsAmes ana vde Tausaslni (V)
‘Iﬁ s lWi Vs azandn U analog input 0 (AI0) 784 LP connector tN DAQ Card 111/l
PENANABTIALNNTALANTEY DAQ Assistant  LWiels V W:lﬂ“ﬁ Amplitude and Level Measurements
dinlginanedlue Vims)  uasausai v e Numeric Indicator wdaainsniavneumastlsunsadoe
Millisecond Multiple Stop LU Numeric Control A anseilanisinas While Loop AzAILAN
mﬁ?ﬁﬂﬁu;ﬁ'}’]ﬁumm‘[ﬂmnm &1 Run Ttlsunsu ifieuamanai voltage vs time - &4 Front Panel uas

Block Diagram #48 Printer

Ceramic Magnet

— = L | LP | Computer
o _ ! Connector
Flowing air DAQ Card
Motor
Flectric Fan Relay

Ui 12.4.1 nsdaedesilafevaasuglnsniianasiuanaseniafivinunann

windudmdninasls CoFe,O, #e LabVIEW
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a8aneLABsIlAN 31.44 Hz uazAt uirreansLeswaInadilng 1.97 mis wisimdnmeils
(CoFe,0,) Mndauidnraintadiadannsminhiduivinannivaziaiam s #InANG
wasaimanfailaztin iUt lunmasead s ludAdndsie 148N

s
4y aunsalinnsinansaInA
nansveaeLgUnaniianisinaraseimeivnaneiindusimdninedTs CoFe,0, fivg

LabVIEW uanssaglf 12.4.2 qunsnfiansivaecanniaiinminnuiendendnnissangreasiised
nspaauRTee At I luRatpLame ARanN TN AnnwimanasiaTaainresTadiiusntau
IwiRsty  waedsuininifanudiuifuanudireseinalses Aurzuunmmaaeufignasnan

TaaTUsunss LabVIEW wazn1sm DAQ

dguuanIsnAang

1) @indusiuin Cofe,0, anansoldlunsandanisdinaunsulmints

2) gnmnsnliamfindusimgn CoFe,0, igUniniaBanisinuseuingn

3) a9 CoFezo4Tf’imeqéﬂmqLuim?mwaaﬁ?mmsnﬂﬁlﬂﬂizqnm"’l”ﬁmmﬂuﬁqfi’mmmﬁLLﬁzﬁﬁmmwEq
I

4) @ fndusivdninesls CofFe,0, snsniuiiiuaansinatodeinia

5) lfpIuANNIMARDYIIVNARIE LabVIEW waznnin DAQ
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AINNITRFIRFUAEILATaATMATAwLALIIWNTL  rusreusAulwImuINATiTARSS (Richter)
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lﬁuaﬂamﬂugﬁmmmﬁdgﬂﬁ 1252 ssuumsdensareuRaneild DAQ Card uaslusunsy
LabVIEW AlEdnwsBenduanansadt i lumslfeuse s finduwimdnefisdwiummasavgunnd
Souchdulmld  wanmesesianmnsaliiamiinduimdneflzduiunimageuqunsniia

weinduluala

. a o as o o
12.6 nmTsuadiaiimiAIansaasn AN INAIUANNELA

o’ =

Sanwsimdnmeslsdaihuelefuds AgAnmwimaniasind (magnetic ceramics) 1TMLAT

o
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Applications of ferrimagnetic ceramics for selt induction measuring demonstrative device,

high pass filter and phase shifter

o [P 4 L4 i 2
TA. GITH WUGLNEIENE ﬁ‘?um LNALHH
Thongchat Panmatarith’ Sirinporn Keawmeka”
UNARED

Tﬂ‘iaﬂuﬁlﬁ'ﬂﬁmﬁun’r:zﬂ?ﬂuﬁ’ﬂuma‘mn%ﬂqﬁ%\iﬁuﬁLﬂum ToanAFNdnduas ldwinng
Uszynifldommesans WWakasisafladwiunimasnnasfilsznaudaedasia LP . n1fa DAQ uaz
uALAT  mmanATTiaNTuMANINES (0.6Mn0,)(0.4Zn0)Fe,0,) iuunuansnudindifiugnsnianis
meae A miloniiiedlunasiwianzuansadian LabVIEW Ananmamilosihdies (L) #1HAN 30
mH  1R81A7EIA1s M Ni, Fe,0, Wiuunuiiianmionhiaessaaiionudfintu (3R Lor
Meter) mmmmﬁﬁmaﬁ(0.6Mn02)(0.4ZnO)(FeQO3) Huwnuanansoneaeugnsalangnnisindiady
witah A euiLAE s NinszuaadU1s (35 LabVIEW) 1emaiilans
(0.6Mn0,)(0.4Zn0)(Fe,0,) uunuaunsndszendliuiiug insninagnges LLNﬁTuIWﬁqmmﬁgachu
wazgUnsalAaumald

Adrdny - AanaviisaduediiuiuanmiluiasTiinsuaady  guUnsnlAnwva

gunsodnsaaussdulninanniigeig  ualia

Abstract

This project invoived sample preparation from starting materials in powder form.  Physical
properties of the samples were measured. Application of the samples were determined. !nstruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW.
Induction ceil with ferrimagnetic material core . (0.6Mn0O,)(0.4Zn0)Fe 0,), can be used as self
induction measuring demonstrative device. The measured self inductance (L) was 30 mH. The self
inductanc e of coil with Mn, Ni, ;Fe,0, core dereased when frequency increased (LCR Meter method).
Coil with (O.BMHO?)(O.4ZnO)(Fe203)) core can be used as demonstrative device for self induction
measuring in ac electric field (LabVIEW method). Coil with (0.6Mn0,){0.4Zn0)(Fe,0,) core can be
used as high pass filter and phase shifter.

Keyword : self inductance value , high pass filter, phase shifter, LabVIEW
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Record the results in Table 1
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Demonstration for Diskette for the Operation of Low Pass Filter, Phase Shifter and Frequency Switch

Device Using the LabVIEW-Based Measurement System
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?Lﬂfﬂm:qﬂnﬁmﬁﬂummﬁqu nnampaediLER: Vset (Setting voltage) L1 1.55 V ALfinea
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Abstract

This project involved the measurement of physical properties and the applications of the
diskette sample. Instruments for sample testing that composed of LP connector, DAQ Card and
LabVIEW were prepared. When voltage frequency of the diskette increased in the range of 1200 Hz -
7200 Hz, the impedance of diskette decreased. So, the diskette sample can be used as low pass
filter. When ac voltage of frequency 183.8 Hz of signal generator flowed through load and diskette,
found that the diskette can be operated as phase shifter. The operation for frequency switch device
was done using virtual instrument that was Greater for comparison between setting voltage (Vset} and
voltage across the diskette (Vs). The results will control the function of 6V-relay, solid state relay and
high frequency alarm. The used sefting voltage was 1.55V The adjusted voltage frequency was in

the range of 1200 Hz - 7200 Hz. So, the diskette sample can be used as frequency switch device.
Keywords : diskette , low pass filter , phase shifter , LabVIEW , frequency switch device
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14. nsulszenaldaasgsdnduianidassiduailnsnianindmsunis
AOATALAALULUUIS N5FU LC fNAULLLAUNSN RLC WaZAIMaULLL
YU LC

Application of ferrimagnetic ceramics for the operation of demonstrative device
for damped oscillation demonstration, LC oscillation, RLC series resonance and

paraliel LC resonance
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Abstract

This project invoived sample preparation from starting materials in powder form.  Physical
properties of the samples were measured. Application of the samples were determined. instruments
for sample testing were constructed and compased of LP connector, DAQ Card and LabVIEW.
Ferrimagnetic ceramics (0.6Mn0O_K0.4Zn0O}Fe,O,) can be used as demontration of damped oscillation
demanstration, LC osciltation, RLC series resonance and parallel LC resonance.

Keyward : ferrimagnetic ceramic, damped oscillation , LC oscillation, RLC series resonance ,

parallet LC resonance, LabVIEW
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Applications of ferrimagnetic ceramics device for device in magnetic field
generator, device for metal bar hole detection, the metal type detection and

proximity switch

o ar 4
5A. 6918 WUBLNSONE
Thongchai Panmatarith
UNANLD

1 '
T |

Trreuilifendasiumamoufowasaniagrosuiithee . Saaulidddnduarlivinig
tazgnifldauresars aiariasiiadwiunmeasuaisilznaufandase LP . n1fs DAQ uszual
Y1 an@IaRiEl (0.6Mn0,)(0.4Zn0)(Fe,0,) arwnsovmdiriiflusnuliviwifidugunsallueiaadindia

s 4 . . 4 . o <
aunuuimdn gunsnilwatasnsadagreuislanzusrginsalluaresnsadnrilaadlausiaaiunsm
wenuiamdnaananwimeaadld  waadnmiianiniiiians Mng Ni, Fe,0,amnsavimdindiluunulivia

o o ank
uihiiduensniwsewdiln
Ardndty - gunsollueiesindleawasiongn  ginsailuesesnsaadagueaislaus  uatin

gunsoflwednansadneiinnadlans  aUnsaiwsewdiin

Abstract

This project involved sample preparation from starting materials in powder form.  Physical
properties of the samples were measured. Application of the samples were determined. Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW.
Induction coil with (0.6Mn0O,)(0.4Zn0)(Fe,0,) core can be used as device in magnetic field generator,
device for metai bar hole detection. Coil with Mn, Ni; .Fe,0, core can be used as and device for the
metal type detection and proximity switch.

Keyword : device in magnetic field generator, device for metal bar hole detection

device for the metal type detection , proximity switch , LabViEW
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diagram AWFUNINAGRHLIARIATI (0.6MnO,)(0.4Zn0)(Fe,0,) dhuunulivuidusnsallueses
SufinAuaimandae LabVIEW uanaiaqldt 1512 anssnadailldnaaes o 1aaamiil

(0.6MNn0,)(0.4Zn0)Fe,0,) uunu  1aami WiduwanFagineaioulalWiln ulauladlwinidl

AsuwIALFNgd 1.65 (Q uazanuditunuaayfiagi 1.6 Q
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R=pUA;L=L,. =RAp:R=3720) A=Td7s;

wire
Lﬂﬂ R Lflum’mﬁmmummmmmm p Lﬂuamw51’mmu1ﬂ'ﬁw'awﬂmm A Lﬂuﬁuﬁnﬁﬁﬁmﬂwmmm

wae d ilududAudnanrenain

L,..=L=1075158m

wire

de L, duanuenfiomsrasatauas Ly, 10UANe1918918895 1 961

L Td = (22/70.75x10° m) = 0.002357 m

Mum

ANUUTAULDITARTH (N) AN

N = Ly / Lyym = 456155.3 turns (3)

L'=L,,=2cmm=0.02m (4)
SUUsEUTRILARIS (N) FaviamitnAnuemewny (NL) SA
N/L = 22807765 (5
Frununs=us i F naruean s ldanndrmdiuteansslwinnasasiuan RL kazAadiumiLses
Tuem R AeguNIs
| =V/R = V/R_=V/3000 (6)
B = 14323.28 (V/3000) (7)
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Asandawn wlwdin Teedgns B = 14323.28 (V/3000)  waAIRULLLIMAN (B) Ade Numeric Indicator
14 Tone Measurement 3aANLETaLTFINTN () UdILARIKAARL Numeric Indicator  WaAINT W
AU AN LA (B vs f) $intl Build XY Graph  winananisvinaiuradlusunsusing
Millisecond Multiple  Stop {11 Numeric Control FrutdlaasTianimnen While Loop a¥AILAH
msﬁ'mwf?ﬂﬁummiﬂmn?u & Run Talsunau wauanans il resistance vs time  1IFLA273E £ 104

wirnan iAW lidan 486.99 Hz  ansinedsilineansd 2 1l Aa aasaaidunuiuans

srmdniaBuazaaaaafdunuduainia  FaRuw Front Panel uaz Block Diagram #ag Printer
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1aaniiifuanRunisewmsfouladivin wifaulsdriniiianusinmiuanisuni 1.65 Q uazanu
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4) aunsaingandiin
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HANINARBLIARIAMTESINATANT Mn, gNiy ,Fe,O duunuliiuividugtinsninsewiin
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1) wngamil (0.6Mn0,)(0.4Zn0)(Fe,0,) mm‘an'ﬁwﬁhﬁ'LﬂuLLnu’Lﬁ’ﬁﬁuﬁﬂﬁLﬂu@ﬂn?mﬂu
AT eIt
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20 laNETIANITDUENURIMANBENS N Wrianaauna e
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4) wearawmilanh#ifians Mng gNi, ,Fe,0, awnsnvinwiduunulbinumdwidugdnsaiwsawd s

5) TiRauANNIINAREYIUHAGETUTUNTH LabVIEW uaz DAQ card
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Applications of ferrimagnetic ceramics for the operation of mutual inductance

demonstrative device, transformer core and pyromagnetic device

[ as 3
5A. 5998 WURLNEONE

Thongchai Panmatarith

unAnte

Tmmamﬁﬁmﬁmﬁ'umﬂmdﬂmﬁfauawmnﬁ’mé?qﬁuﬁﬂum Ynau T FWNEAnduazlduanis
Uszgna I H 89813 Fadasiasiladuiumsnaastasiilsznaudondase LP . 113 DAQ uaz
walAs pramsmiismisast s adiinfiians (0.6Mn0,)(0.4200)Fe,0,) Huunuftinli
SAn 96 mH WAouALNTaTRAGaY LabVIEW Was DAQ Card  wifeudastwinifians Ma, Ni, Fe,0, flu
LmummmﬁﬁuﬁﬁﬁLﬂugﬂmﬂm%mmﬁmﬁwmmmﬁmﬂw’qu”lmwﬂﬂﬁﬂn?:maﬁu ang
(0.6Mn0,)(0.4Zn0)(Fe,0,) snusainmififhuunusasudieuadiiiniiidnsnuag wgadulnin i
fumuanaduazgunsallntrunnmdinla

AdnALy - gunsnfanBrAtaawlienindan unundaudadiin gunandinlsuunudn uatfs

Abstract

This project invelved sample preparation from starting materials in powder form.  Physical
properties of the samples were measured. Application of the samples were determined. Instruments
for sample testing were constructed and composed of LP connector, DAQ Card and LabVIEW. The
measured mutual inductance value of transformer with (0.6Mn0,)(0.4Zn0)(Fe,O,) core was 96 mH.
Transformer with Mn, Ni, ,Fe,O, core can be used as mutual inductance demonstrative device. The
{0.6Mn0,)(0.4Zn0)(Fe,0,) material can be used as transformer core with voltage transformation ratio
increased with frequency and pyromagnetic device.

Keyword : mutual inductance demonstrative device, transformer core | pyromagnetic device,

LabVIEW
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\auni
A K. Ghatage (1996) 18L630s NiFe, Cr 0, fannnuduidszninannnamun s lunissanin
(transmittance) TLIATARU (wave number) Sapndiugtrriuuniflaciudush (saturation
magnetization) Fuausiimdnidleudli (applied magnetic fieid) m?qmﬁmmmﬂqlﬂm:an&ﬂ%
sufluginsndlilazian (microwave device) auUnsnhiuiindayafaaulmin (magnetic recording
media) lﬁﬁﬁm‘fmmumﬂm‘immnﬁtf'nﬁmﬂﬂﬂmﬁmﬂa%'mﬁmeﬂﬂm (wet chemical method)  1&AN®"
A AE AN AulAs M-H %man'ﬁnﬁmmmﬁmﬂﬂﬁi (Ichiyanagi, Y.,2006) HETanmg
wanilalrueasaanladudadAnm g Anssuwimdnisunsiauunlamdiuusyaseunisd
(Rorges, F. M. M., 2006) ﬁﬁ:flm?ﬁuwmmmﬁmﬁﬂMfﬂﬂiﬁﬁﬁ“ﬂmamiuﬁQnﬁamm:u"fmaﬁ%‘n’mmuw
fatulaleaaa SnautFdEasvan W nnefrasuanillaegd (Azadmanijin, J., 2006)
uwmmﬁﬁmﬁmﬁunwﬂmgnmﬂﬁnﬁuqﬂﬂiﬂmﬁmmiﬁ’mmmfmmﬁﬂfaﬁ’muﬁﬁuﬁummmu

paaglfnszuaady unmdauslvfhuazuargunsnilnlsuunngn

Tanalnsrluazitng
16.1 nsdsegndldilluadnsaimBanisindrnauiienhialussasiiinszusnss
Savipaildmiunisnaas e ulaslninfitlans (0.6Mn0,)(0.4Zn0)(Fe,0,) luunulivin
uﬁf’]ﬁtﬂuqﬂnm;?m%mmﬁﬂﬁ"lmmmﬁmﬁﬁ'qulmwﬂﬂﬁﬂniztmmaﬁaﬁ LabVIEW meﬁqgﬂﬁ 16.1.1
4%14 Front Panel LAz Block diagram dmunmmageundisuadliiafiians (0.6Mn0,)(0 4Zn0)(Fe,0,)
LﬂuuﬂulﬁﬁwﬁwﬁLﬂuqﬂnﬁﬂiﬂﬂ%ﬂnW’;’ﬂﬁhﬂqqymﬁmﬁni'fm'l,ma@:"lﬂﬁflns:l,mmwﬁw LabVIEW a3
ﬁqgﬂ'ﬁ' 1612 msshedaildiveaes Aa wiawaslwihi (0.6Mn0,)(0.42n0)Fe,0,) uknu e
slaclinEiipusumuet i 1.65 Q uazarufumusaniond 16 Q  nszualWiinaingn 14
284 LP Connector IvsﬁmuwﬂﬁunﬁﬂuﬂwﬁﬂLtﬂaqlﬂﬁﬂLm:‘[u@mﬁﬂmmﬁmmu R (R=20€)
usaiulWAmnAsanilal v, waz v, RudtiL ues MulinRavRuniiien v, ursuliin v, v, sz
Vi, Al analog input 0 (AI0) LA analog input 1 (A1) 789 LP connector ANNAAL UAzAZEY
DAQ Card Wrlluperfiamefiaanisaiunnaes DAQ Assistant  wadnaliin v, v uaz v,, Az
Amplitude and Level Measurements L‘ﬁ.ﬂ‘lfﬂﬁ Virms} Split signal AzUaN V,, V  WAS V, BeNAMNNIY
dav_uaz v, W Divide v v =V v, Auandnszusvandatgas i =V R, e R_fien20 Q1L e
11 UARIATRIMLA (V. V. V., } #intl Numeric Indicators LanspmdniETaanszua W LA
(11 vs 1) Ao Waveform Graph  wdagaanisvnensaasldsunssisaa Milisecond Multiple - Stop v
Numeric Control il auazilanisvinan While Loop @:muaum?ﬁwmgﬂ']ﬁu’nmiﬂmnm
&1 Run Tlsungu Weuanans current vs time ﬂ‘}’ummﬁmmLﬂ?ﬂdﬁfu,ﬁﬂﬁrgry'lm'l.ﬂﬁwunﬁ:ﬁuﬁu
aerpunsd &R Front Panel ka Block Diagram #ae Printer wraipdaulinmileningam (v,,,)

Fndsaung v, =Mdl jdt die di jatdugmsmsdfeualaseanszus i lus e gugdonldvinaan
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a ar - o v add o
16.2 n'l‘iﬂ%i.lﬂﬁﬂ‘mﬂuqﬂn‘imﬂ"lﬁﬂn'l‘i“lﬂﬁ’lﬁfnumuﬂ‘]u’lﬂuwﬂuﬂuﬁ’J’leuﬂla‘%‘\lﬂ'ﬁ’]

NTEUAAAU
1) daataailadruiunmameasumiaudatlwiiiars Ma, N, Fe,0, uwnulivinwifidugunsaianse

mgdadpuuiinaiisanluisasiWiinssuaadlision LOR Meter urassvgilil 16.2.1 @54 Front Panel
WAz Biock diagram dwsuniamaasuudawadlWilnidans Ma, Ni, Fe,0, unuliiauiinfidy
gunsniaiansiaiamtiiaininlunsasiifnsruaaduing LCR Meter ugpansgtli 16.2.2

anssnaeai lvaaas Ae wliauladlwiafians Mo, N, Fe,O, ithuunu wliaudadliiriidani

Arunueadsunil 1.65 (2 uazasiushunusayioni 1.6 O

B LCR Meter Transformer wiring

Electrode

with ferrimagnetic core

717 16.2.1 masdneiasiladmiunsmeanuudaulasinihiidans Mo Ni,Fe,0, \uunu

Tinwihidugnsadaniamasds saumiieatindmlunsasiWinszuasdy

#nt LCR Meter

ar

2) nisies RLC Meter mugile Soinldat
blue reset —» Yes—>» Enter

blue cable —>1 m —> Enter

Meas Parameter —» L2—» Q

Fregq—> 100 kHz

open correction {Biue open) —» open measure —» Enter

Shor correction (Biue short) —» short measure —» tnter

3) $nsTRAN M uaz f HATHE 100 Hz, 120 Hz, 1 kHz, 10 kHz WAz 100 kHz il
Connect DUT

Setting measured quantity —M

Continue to measure the M value at 100 Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz

Record the results in Tabie 1

4) [@euna vaae M vs f #ine EXCEL WraNBauamgannig

16.3 msilszanalfituinupasiailasludy
Jarisaiiadmiiminlszynefldans (0.6MnO,)(0.4Zn0)(Fe,0,) Tivnmivifluunuremdautas

TAR@Fumsiansulaasad WA LabVIEW uasedagt¥ 16.3.1 a¥a Front Panel uaz Block
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diagram dnwiunnsiszgndldans (0.6Mn0,)0.47n0)(Fe,0,) Wi fiuunusammieadlniin

A insAnmaulaausi g LabVIEW uamedeglit 16.3.2 asinadieilfihomsiouas
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paufnneslatMIATLANTEY DAQ Assistant  usasulndn v, uaz v, axudinfl Amplitude and Level
Measurements [ABLH1E Virms) Split signal Azuan V, WAL V, 98NNl kanausasuliia V1 uas v2
#at Numeric Indicators ARSI UL s AUIWRN (Vio) FaBgnT V, =V, /V, LAZUARINARIE
Numeric indicators  SaANLATA TN (1} finel Tone Measurements  W@AIAINEUNUSIAIE A5
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wwignan e dnyyuadwinludae 120 Hz - 500 Hz &9Ru Front Panel wax Block Diagram Rt Printer
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LanmaasLwaulaaHANRanT (0.6Mn0,)(0.4200)(Fe,0,) iluunulivuiinidugunzad
anBrmsTarAwien e luneasWiinsyuanseding LabviEw a.mmarﬁ’dgﬂﬁ 16.1.2 NITUIAIAN
wileavnsaaminlFAe
V,,=Mdl/dt 1 M=V, /dijdt ;V,,=28.8174mV = 0.0288174V ; di /dt = 75 mA/0.25 5
dl fdt = 300 mA/s = 0.3 A/s ;M =10.0288174V /0.3 A/s =0.096 H = 96 mH
Frsmaitientisanilnn 96 mH
2) qﬂnscﬁm%mmsf'a’ﬂFi'nnfn:4mﬁmﬁﬁéqu’Luw‘as‘Mﬁ'}nﬁzuMﬁu

nantnaanLuriaulad Wi fiflans Mng Nip Fe,0, Wuunulinuihidustnsnianisanis

ApAnANMLENE19N WA RN L ULdRALIAE LOR Meter

A6 >
- y=00028x -0.2615x + 327.37
T »= » S 8
=2 2
3 300 R =0.8213
E "o & -
S 200 )
2 y=0.0019x" - 0.1978x + 234.31
E .
E 100 7 R =0.4306
=
5]
0.1 1 10 100
4 Mo core (UH)
Frequency {kHz) —8— Mhave core (uH)
Il us (Mhave core (UH))
IwalutHes (Moo core (GH))

1% 16.2.2 Front Pane! uax Block diagram & mfumsmageumdaulaslinhil
@15 Mng NijFe,0, uunuliimirfidugtnsniagmnisinaaammiianind

TuneasIWinszRaadusie LCR Meter

= . T I- Y = " VoE
ANNITVLARANATATHINUEITINVIUNLANND (M vs f) ‘H’BQQWG}LLNLHﬂﬂIﬂﬁﬂ

M = 0.0028f - 0.2615f + 327.37 (3)

no core

M =0.0019f - 0.1978f + 234.31 {(4)

have core
Py = o P { o = - - , P o
WamnudzewnfuliiRuly  Bufundiszanualiiaseansinaniidanas  Aaumidaniio
HAanadug99ANE 100 Hz 19 10 kHz uszasiAAinAui 100 kHz - arrhivaseuanaaiBudvén
naniaalaniiuiiuiuannivemfieuladlwidlfienfindine 3 Mo, Ni Fe,0, Wuunuay

i ltlsegneldemnudundanaswiin
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3) unuzemsdanilaslddg
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17. nstlszansldrasgsfinduiiuininasfiluunurasaasdainauaz
WITA AU
Applications of ferrimagnetic ceramics for the operation of antenna coil’'s core
and position sensor
5A. GTE ﬁ’uELNﬁ’lnﬂg {Thongchai Panmatarith)
UnARLa

Tm‘mmﬁiﬁm“‘ﬁmﬁumﬁm?ﬂuﬁ’ﬂum?mnim@E?aﬁuﬁLﬂuw Fnaniddad@nduazlimnag
Usrgne lieune9ans atasiaadlodmiunmasauasilsznatdavdana LP . n1fa DAQ was
watlin wiauladliinfisians {0.6MnO,}{0.4Zn0)(Fe,0.) Fumannsosmhmituunege swaed
areld anaanfumatueflsdsauaninsorminiiduidadwniilaemsauautuaeuiomes
uaslimmthaemedtmuasiuifiazin

Frdndty - aunsnianEensBameTiawivdn aunsalanBaunuaseendeima Wdnaiuwis  waldn

Abstract

This project involved sampie preparation from starting materials in powder form.  Physicat
properties of the samples were measured. Application of the samples were determined.  Instruments
for sample testing were constructed and composed of LP connecter, DAQ Card and LabVIEW.
Transformer with {0.6Mn0,)(0.4Zn0)(Fe,0,) core can be used as antenna coil's core.  Inductor with
soft ferrite core can be used as position senser by computer control and using the stepping motor for

locating the measuring position.

Keyword : magnetic hysteresis loop . antenna coil core , position sensor, LabVIEW
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wowwnr  dusiuuse i myuudnilainaswayniilronseianiuinleuiadanns R/R =R /R,

'
V- )

Tufide &1 R/R Wunn 64180°  1sfaztFuws R/R, mauunwmilusniae 0/180° Fae siadauuuy 2 dlu
1 q 4

2

|
o or

Aasnuid sl A dazahae i idudadouiusuninasdaglusmuunwinmue

o o

WALAT WU

(=403

o o ¢ ol
AALIIAULETNWIN
dl L o 25 = = = =3, ] =3 LS

WNemdaaiunisy Erad nsi L4 Lﬂuqﬂ NTUATEHNNERNBTTALILUAN WNABIARLADINNA

le

1nAITH

WAZWITARAT WAL

Yasansaluazidnig
17.1 malszgnaldifluwnurasrsedainia

Fnesasiiadmiumanlszyndans (0.6Mn0,)(0.42n0)Fe,0,) Tiwhiduunusesaend
anAdaE LabVIEW uamafegLil 17.1.1 @514 Front Panel ua¥ Block diagram &miunnsilazenifld
#13 (0.6Mn0,)(0.4Zn0)(Fe,0.) I DusnuresanngainAdag LabVIEW mmaﬁagﬂﬁ 17.1.2
AFALTENAGEY AR YRAIATITANS (0.6Mn0O,)(0.4Zn0)(Fe,0,) iluunu uiaulalafinfiilans
(0.3Mn0)(0.1Zn0)0.6Fe,0,) Lﬂutmulﬁé’uﬂﬁuﬁm%aLﬂuﬂ%‘mmLWKn’lﬂﬁﬁwum:ﬁLLNm%‘auMﬁﬂ
Wit V. Bat wsadliih V. Wia vV azdn LA analog input 0 (AlD) WAZA£H DAQ Card 'l
Tuaeufinmasiromsaruanany DAQ Assistant  UsFUIWHA v YA Amplitude and Level
Measurements tialsinaneniiudn Vims) 1 Muttiply tiasl@eumiaasusadulrionnn v i pv
wanqusafulviiy v e Numeric indicator uat Waveform Chart sissiaainisinaiueaslusunsudiog
Millisecond Multiple  Stop ({11 Numeric Control Fruifiauasilannmina While Loop ALAILAN
mﬁﬁﬁmu%ﬂqﬁwﬂﬂﬂﬂﬂmm &1 Run Tisunsx Aeuamans v voltage vs. time &<fiaa Front Panel

LAz Block Diagram #iag) Printer
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AlD
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] - DAQ Computer )
Connector > . > Printer
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Al Gnd

Antenna coif
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HAURLILAT VRS
1) WNUTBIADERDINMA
uansUszeniTldans (0.6Mn0O,)(0.4Zn0)Fe,0,) Tovinuthiiduunuaesasedainasas

LabVIEW meﬁqgﬂﬁ' 1721 asasndnaaflsdaau (0.6Mn0,)(0.4Zn0)(Fe,0,) Lﬂuunuﬁlﬁ%’mﬁuﬁm
Feiundunlminifiowuiazilusapdoulniamiland (v,) eudu Binndunnndiasusan ai
anAuunu
2) WIImEIUWUa

nansneaauraadeidinuiureslsdsan i uiniiuidas wmiadion LabviEw
meﬁqgﬂﬁ 17.2.2 Lﬁunmvl'lugﬂLﬂum’wmﬁuﬁuﬁ‘swdﬂw:ﬂ:m:%mmLLnuLﬂfa'ﬂsﬁT(d) U wsasulnin
Annasananansndumatumelsd () Fasunsmin S wias el Fd AR iR Liai

Azl WlunsmesssGesbusaty

A3Unan1Innaas
1) 879 (0.6Mn0,)(0.4Zn0)(Fe,0,) amnsaiuifiidugiinsniandaaanisdusimén (B-H)

2) @13 (0.6MnC,)(0.4Zn0)(Fe,0,} arxnsovnwiiduunuzesnssdainials
o o ° v o o s B . o = a
3) eashiumudureflsdfaauaursoimdaduiadsdumisiauniacuauseaaiaume §
waz ldaw LT anama s mue A umanaz s

4y apAunisvesesiasuade Tlsunsy LabVIEW uaz DAQ card

finAngsulsznA
JieuaaTa uAtN e Auasa WU A iunsaduapui e fuuise (2550)

LANATSD9D
By gomesns, 2534, Biarnsaiindgaanvnssuy u?ﬁ"nﬁé’mgwﬁ"u A1
Borges, F. M. M., 2006, Magnetism behaviour of nanocrystalline MnCo,0, spinels,
Journal of Magnetism and Magnetic Materials, 302(2); 273-277.
Borges, P., 2001, Versatile radiofrequency sensor, Sensors and Actuators A: Physical, 91(1-2): 38-41.
Buchanan Relva, C., 1991. Ceramic materials for electronics, second edition, Mercel Dekker Inc.,
New York.
Http:// waww.ni.com, LabVIEW ™ Basic |. introduction Course Manual,
National Instruments Carperation, 1993-2001.
Ichivanagl, Y., 2006, Magnetic preperties of Mg-ferrite nanoparticles,
Journal of Magnetism and Magnetic Materials.
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(magnetic hysteresis loop measurement and magnetic material detection using LabVIEW)

as as o < b = o ar 1 [=3
n5ldllsunss LabVIEW d1u5Un1sin a8 ainasaan1aliinanuazngiainianyn 1 auaLwan

The use of LabVIEW for magnetic hysteresis loop and metal detection

ar o & o4 = « 2
6978 WUGLHEIONT LR NANTUA L‘IJ'I:‘WN

unAnta

Trsssuiifendiaafuninuianfouans Mn, Ni Fe,0, mni’mq&%&ﬁuﬁﬂum [GETIGE e
ns¥avidsynaudasdaria LP , nfa DAQ wazuatArd miunismaseusns suunMsIntuasiiiawes
Iniiiiians Mn, Ni, Fe,O, HuumsiansnsnFfuanndameiianasivdnuas amatadasma

LU ENTIA LRI O NUVLANEBNA N WA S NaAUURB 1A

Abstract

This project involved sample preparation of Mn, Ni; ,Fe,O, from starting materials in powder
form. Physical properties of the samples were measured. Application of the samples were
determined. Measurement systems that composed of LP cannector, DAQ Card and LabVIEW were
prepared for material test.  These systems and transformer with Mn, ;Ni, .Fe,O, core can dispiay
magnetic hysteresis loop and used to detected magnetic material which can be selected between iron

bar and brass bar.

ArdAry ; wninduimdnded msaradaaBamaianaudivin nareiadadaamiaidivan
uaLlin

Keywords: Ferrimagnetic ceramics, Magnetic hysteresis loop, Magnetic material detection, LabVIEW

‘sparnanmasd  nAnmAAnd : seiuByanty fealfiiinsi@ndian el WEnd Ao

Anenanand aAnendasaraueiung walug awsn 90112 Uszwalng

unin
wimdnmindldviniuian i uazBidnnseiind (electrical and electronic material)  WHMAN
19513ndE 2 Uszum Ae inafladuda (hard ferrite) Muiweflssigew (soft ferrite)  Famusimaniafladaiiy
woflsfude TEAnswimanmfind (magnetic ceramics) sutuuda  lull 1948 fia (Neel) TémwN
LULAYEBY (model) %'uﬂumnjmﬁ'm%’umwLﬁﬁl@ﬁﬂ’;ﬁuauiﬁﬁmmuﬁﬂ (magnetic property} 184

Waflsd (ferrite)  sruautmAniinanatluaesdiannsau (electron spin)  NITVHUTBLANEITDY



244

Aianaraun A lumuiudan (magnetic moment, m) Juuniladu (magnetization) \findu

(Moulson was Herbert, 1990)
<o ] = s
n. gutaNuantiasls
anwnausimanneflsluraauiafinannnisgaiumigisivanatinagg (strong magnetic coupling)
wian1saegAseadTuuAmmdnuueraan lurewds nshegesmraslusuruimdnazinliiianag
FeesnganlmiBeununu (paraliel mutual recrientation) 1ed iU w1 luF pmanilanun sl ie
o P ORI . X Py = s 1 g _ = | .
wenuniilamduiistues (spontaneous magnetization) L3 nsAluLAudmANFeesa Fundn Tnsiu
(domain) UisasRaTzuIelamL (Fundi eialssiu (domain wall) Tanudwanmailsuans
Usngnisninne Ae unnfilaedu (magnertization) Wu¥an mngnisahansdn (hysteresis effect) uaz
A ALt i iadusznineaunuusiwéanluansiuanuduawsudiwan
FanPuassanRidaimanefls Toun Tavenswidunan (transition metal alloy) Tauzfiuwiann (rare
= . -3 . . P ' & o @ a | & VI
earth alloy) UAzI9HNALNIMAN (magnetic ceramics) aRndwimanidafiudaaudwmdnivadls Téun
BaO.6Fe,0, WAz Sr0.6Fe,C, WAy CoFe,0, wiiindvvanillassaiiawan iy
wengzinuanunniimwanlus (hexagonal magnetoplumbite structure) — MalgsgnsTifanmaaansusdivdn
wlefls laun wiswdimwdnnns {permanent magnet) 199y (earphone) wazanlwe (loud- speaker)
{(Moulson WAaZ Herbert, 1980)
o ] [3 Y
2. SuandnaniNess
fruaudmannass (ferrimagnetism) IaaNN19389smLULTWIBRATITIRTY (antiparaliel
alignment) 1eluuFnimanTadlasauuulasmdngen (sublatice) Asneqiulundn Tussludiwdn
wualiindu suwiuwazianaasadaiin I esludsdn sadawnillneduluueusg
WOANSIUNSAATL (coupling behaviar) a1l SanuifentasiunsmidunsBeaiveddnnsawaunn
. . v oo . . . s o e & . .
{outer electron interaction) 14leaautnaFes (neighbouring ion)  Fusziiatuluesdndunmédnidu
woulasatinuazuuulaoeus  mafiafussinifiianisuanitleudisece (superexchange interaction)
wieiiamsdniGeeseatiu (spin alignment) sepdnaBidnAsELIILENTIANEATOARLALBIABNTARLL
aamsaimanaBiansusadufuresindniveslslaeduadnniy satiatssslsdsau
Ldiun NiFe,0,, Ni, Zn, Fe,0,, MnFe,0,, Mn, .Zn, .Fe,C, uaz MgFe,0, annmailsFenlalaeifimaila
Uifeanuzaesudadedituy amveflsfdenuanidruaudimdninesd (ferimagnetism) UazuAAS
Usingnisnlnisan (hysteresis effect)  anawefladisoumaniifilnsaindniiuuoualliua - Jas
wimdnafdeesungueflsfgen waflsigeuwansaniiiduldeuladinnuanafion
aunnuHnan (magnetic field) 3nililszgnaifuunueesesan (inductor core)  unuaasudiaulaglnein
(transformer core) aunuieifa {scanning yokes) @08 NA (antenna) ﬂqﬂnmﬂﬁ'amﬂﬂ {phase shifter)
LLﬂ:‘Qﬂﬂ";‘nﬂuImmﬂ (microwave device) {Moufson L&z Herbert, 1990)
< ar
A. Aun1sussUsanundALy
ANNINAWATY AD B = WH = [LLH = WL (H+M) M=% H H=ni s B iiluannuvuiuly

\AULIIMEN (magnetic flux density) H iDwAmRdiaw WA (magnetic field intensity) 1L 1T
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AnwaUANE AN wlMANE9A T IMAN (magnetic permeability of the magnetic material) L u
ﬂmwmu%ud’lﬂﬁmaLL:J'mﬁmm\i'ggnwmpmﬂ (magnetic permeabiity of the vacuum) L, huan woy
FutulFduane (relative permeabiiity) M ifueanilloadu | ifuanmsaulwanisusingn (magnetic
susceptibility) n TSI AR AR WL AL 1NENT LR | Funszualinflnaduansan
(Moulson Uz Herbert, 1990)

nmsiiieadasiunningsnenedn 1 anwudalimaimdn wnitlsadudng
(saturation magnetization) unnille i uAAna (remanent ﬁagnetization) uazusalamady (coercive
force)

4. LabVIEW
LabVIEW tinu1a1n Laboratory Virtual Instrument Engineering Workbench {usoftware #

Wantulag U39 National instruments %38 NI LabVIEW AmiiluSoftware viszinmnisnglnim
. . =4 3w & o Ai s e 9/
(graphical programming language) FaazldusanisifudsumdaaUlerou (Icon) unumsiduwsiae
L ir 4‘ 1 1 =3 ¥ ar kT !
FafneT (text-based program) wazlfiduidansaswinaudendariduwnunisluavesdayaszuing
Tlsunsusinopdeiumsadeu Flow chart veafsunsuwslimilauiunisdouhisunsuioen s
. “—'i Il d' al o 5 o A A =y 2 a

(Complier) 87 1w C, Pascal Tuflumandaudnuus Text mode lnedrumnsssAliateriintasdaysy
Fudaszwinalulsunsueiase) wi real, integer s nnuuisunsudion LabVIEW a13n30am0AT Y

ar i ' dl = @ =l T ‘ﬁ‘ lﬂl ir as ot y d‘ © L%
nswen isunsussldehanniladouiunadoulUsunsusranmmauilddtnes - Al
T/sunsai LabVIEW upnsinaann Software aufife Annaiuisolunslfaiusiiu auwds uaznisaiunu
gmhuTR Inafiadasile (Tools) Ainer Aafusyunsinudniiliatanune ueslfnadniaanunlu
slunmeaaacilaialowsta (Vitual Instrument vida V) - LabVIEW tsznausing 3 douiidndty Aa Fromt
Panel, Block Diagram LAz Palettes Hdouysznaugaadin 3 d7uAn Tools Palette, Control Palette WaY
Functions Palette (hiip://projoke.blogspot.com/2007/08/foundation-labview. htmt)

iaeainnsldn sl usunsn LabviEw g mdunmsiaaedameiian i manuarmnssdndanamne
1 [ i = = g =‘I ar é HD
wiwAnidayatatnn Aslanusnfiufiasiadnmnze
A;l’ P 2 a ot o = ey 1 =4
tnANineI a5 TUsunsy LabVIEW & miunieis NaamerTaniantinan

WATFIIRIFIAAN WUNIAN

ABN19INARDS
1) NISLASENAISAIREY
ansfnsinai [ inasnsiidmunaniiu Mn, N, Fe.O, %aLﬂ?ﬂu%umimﬂﬁ'ﬁmﬂﬁﬂL’nmﬁnﬁmmﬁm
(Standard ceramic techniques) 140 foduit W dumeesans Mn0,, NIO uss Fe,0, filAonuLEgnd 99%
A M A N uRAN T8 0.8Mn0,,, 0.2NiO uaz Fe,0, FINIDIANT  NANETENANSEIUATILAS
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falansedn  wfeuatsafeiiaasiianmnil 1100 °C daanmnuasduiigudnanasians A
fumsumMmaansszFuainnsiausamulwiniion lsunll (v) uazuseiulWiniaadgunil (v,) wdavianas

Aana v, vs. V, uaznisdaadamaisanmausivantaainulaswinitans Mg Nig Fe,0, ity

2) m‘a"a’mmﬁulﬂﬁﬂﬁmmﬂguﬂﬁ v.) Lm:nsaﬁulﬂﬁwﬁmﬂﬂsugﬁ (v,) rasudaulasiniln
AHAT Mn Ni, Fe,0, itluuny

fﬁ”mLﬂ%‘mﬂﬂﬁwfumﬁmLmﬁulﬂﬁ'}ﬁ’nmﬂguqﬁ v) Lm:LLNﬁTuMﬁ’lﬁﬂnmﬂgugﬁ (v,) 184uile
wlaalwitniiians Mn, Ni, ,Fe,0, 1uunusaL LapVIEW LLﬂmdﬁogﬂﬁ 1 Front Pane! uaz Block diagram
A ufunsin LL?aﬁuiw'ﬁw'?immﬂijﬁ (v,) LLﬂ:LLNm’"uiw"ﬁ"nﬁﬂnmﬂquﬁ (v,) veswsiauLlagliindifians
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AlO
1 LP DAQY Computer Printer
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Fanazauanuiiaiasifiadyyadiilivaane Al 6050 Hz - AsRuW Front Pane

waz Biock Diagram #1798 Printer

AP T NAW WA (H) AngRs H = n,l, = (N/L Y, e N, duduiuseuresansss 1
L iflupwemranana 1 uas |iunszualiihiluaiunson 1
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AU TUIUTELARIDARIA 1 angaT N, =L, A, o =L/ Td,
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—-ATUATIWT N/ L
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ar e L
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1%
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5) mMamsaaadanMIsnstinaEn
as 4‘ 4 @ as o 0 ] o k7. -:l":l N
Apipsasiadmiunmamadadannisudivaniag liwiauaslwianfians Mng Ni, Fe,0, i1

WNUF9El LabVIEW LARY ﬁagﬂﬁ 7 &¥N Front Panel WAz Block diagram #Amiun1sasmadadann
wiwdnlaeldudiau sl fidans Mn, NI, ,Fe,0, iTuunudag LabVIEW uanaseqilii 8 ansineind
1 Ao wiauuaalwindifans Mn, Ni Fe,0, iuun sdtauagliniifeomsunuanlguni 1.7 Q
WAZATINATM WA 1.65 € wiimEnildTiearumun 4.1 cm uanduriiaudnana 21.46 mm uaz
wranaamABaildTiacmn 18.20 mm Lazdurnguinan 45cm  nezualWihgmenianniaosiogdi
dyonaddinlvad sl sunfivazaanioni wrastWFnTimanaRsae i v, Az V, upzazdnlui
analog input 0 (AID) Uax analog input 1 (Al1) usaAulWin v, waz v, Azt DAQ Card 1Ty
ﬂ@uﬁquﬂﬂ@ﬂm?muamm DAQ Assistant A4 VWALV, 11J'7i Amplitude and Level Measurements
e linaneifludin Virms)  fundasnsialasusadiilih (V) FIREgRs V, =V, LARSLIALINRAY v,
|V, WAV, 981 Numeric Indicator Wazu@aa V, st Waveform Chart

Fapnmi f°11’D<1LL‘EQﬁl&iWW’]'ﬂ‘DQLﬂ?ﬂQﬁWLﬁmﬁn&mﬁmi?m’uﬂu 935Hz & Run fUsunsy iiteuanansw
voltage vs time  MAAUIAANITINUVUVANLAZUVINAUURDITWLWLN Ni, Mn, Fe O, 1aeuioutlas
Wi fmsnasutlausasilain (v,) asddelae dafind Front Panel L@ Block Diagram #a

Printer

Printer

LP Connector DAQ Computer
AID
Card

O) B > N >

)

L]

(

Al Gnd

Signal Generator

07 madamtesfiedmiunismadadagmaudmaninglfudaudaa Wi

a9 Mn, (Ni, .Fe,0, ihuunwusing LabVIEW
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angUnoddulAaussduliifomlguns (v,) Fuduusaiulifieendguni (v,) luanedt v, Sy
TurudlAusaidlwiianlguni v,) Fufvesadulwicfiaausugil (v,) Tuaei v, TAanaliil
Wunifuilunisuamdamstisnnawiudndeluans

3) wamsimadsmeiiavnausinan
naniasdamsitanauimdnaamiouadlWihidunuiluainiadiag LabVIEW uanefagiy

5 pansindameitanisumdnvaaiaudsdEidunuiuans Mn, Ni, Fe,0, At LabVIEW

v . o im e v - e e a
wanadagilii 6 angunudatsuasssiamariantawimdniuthudulfiianumnududdndudngn
Tuiuan s Nusivgn wdameTianaudunanegfiaAug 9050 Hz - Anamwwdudangudivan
YaeafamaTaan I usrantasuiauUaTWHA T Tunudlua nAn A7 2000 Woim® A e uduWang
wriiwantaasdameTtanauivdnseaniawladlwiiflunuduang Mn, Ni, Fe,0, HA1 2800 woim’

Farundameiiaysudmanvamiaw sl Riflunudiuans Moy Ni, Fe,0, frualunindinstinld

wiautaswiidunudueannia  rewldans An =1 Weldansdn > 1 A9 WL AiRsmuavdanan
insdulinfiuanfenil (V) Wuty  Wadusonudusunnsivdninas  anumnududand
- P S » TR P e e s .
wimdnaziimfuiu  wideanarudinauwivdnitleulians  anusunwiuddndusininaziia
anad  uidunsazliiudunadin uanaidipoumanududndusimdndaunilsfdluans seiames
-~ ' = .; . < ar v o 1 = ar - o= = 2ol
Favrawimdniidudsdudulfdudiasidgneuniuarindrafunuen - 1alinmeaaulunis
naRnIBuBuuINans M, Ni. Fe,0 dhidumriindwimdnivesls  sdameiianiauimanluguiiiu
R y s A e g s o oad e 4
apansiif AR udiaunmanaudnse  dessnd@adaiafineofuusaiuliine s
fdiadynndein  wsaiulihitlewdiaenfomefbinu 7 v dniddiananssnfuanudy
T a e o o = Py \ o e Wydd ae , 4 g o o
AunutmAnauani  AnfusBameitanuimdnfida iRl dnwassinsanfidiulundadevily
i S i s X - o
sutidenserenRama il DAQ Card uarlisunsn LabvIEw AlFRawustinausndnnsdaimeida
malmdn  wanedetasnihtaysdndgy sz lignisdssgnfldluGoaunuresaaiauazunueas
uipuiladlnn
4) uan‘;sm‘m%’m%’ﬂﬁ;mmﬁmgn
nansnsaieiannuimanlag ldudawlaslWifizians M, Ni, Fe,0, Tluunusg LabVIEW uanimg

gﬂﬁ 8 poaieunadulWiT dnnass fe 935 Hz  ahuiamdnastuunudnmmaulas
usadulin (v, ) fenfsdudeaseiuiandnuaassunauivinmefls  wituiuwiveaudemud
Angnisuslasusadulnia (v, ) firnanadiuar s MAsuand L awimdnlaen  wans

Y ARATEATINIORAN S EMIZ AR AT AN WA aaamABIwt  SlilEvaanaiy

Tanzdug  wiindunis1dBlsunss Labview Alddesiastuidneasldamaindanymiaudiuinmin

unagy
a0 AT UN TN LabVIEW uamani13danefamaisaniausimanudawadlwdididians

Ni, Mn, Fe,O, iluunuld a1mnsoldlusunsy LabVIEw uaasnisnmadadanyausiviniag lusiau s

TWH"RATAT Nij Mn, ,Fe,0, iuniawmisouanamineansinuimeaandasld  n1mmaassdlliin
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Tutradaufiguieu fa fueneu 112551 nmmeaevniiliFlivudnasasisildfainduliammumnzands
= o il =3 it v a - - o = -, I'e

msansanIsAABLIaAauNMAN  nsneaedlAdiunsinAlnfand pusAnamans

- o = g - e d‘ o i 1 o =4 o %
LANAVENAAATHATUNT AR ldRadnatnsotn il 9 lunnsFeuntsaey lussAulisauuss

- . X et dd 4
aanenan  wenaniifanduronifideniseglianuenamnssuiinecdes  ssuuideanse
AaNRamasivieusiaalsunsy LabviIEW axldFumudnuaumils 11A1983 LP Connector  DAQ Card
WAz T13uNsy LabVIEW tlsznnme 65,000 Uy Grsausauvasanglufin dafidms fuasduruaagn
11951704 15,000 L PaNuENLUsz NN naeaaan 1 ilsunns 80,000 Uw  sruuni e ldpenuuLng

7

amnsntn U vaaea A WANS AU nue W nadans suAnIARY Aondey wae Bes Tadea

wnAnduazinadiininnasindrilngu 1

nARNTsNLIENIA
gilenpaat A inedtasaiuaiuy FEviunssiuayuiioaiunidde (2550)
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Hitp:// www.ni.com. (1993-2001). LabVIEW ™ Basic 1. Introduction Course Manual.
National Instruments Corporation.

LabVIEW. http://projoke. blogspot.com/2007/08/fcundaticn-abview. htmt.

Moulson, A.J. and Herbert, J.M. (1990). Electroceramics. Chapman & Hall, London.
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Applications for the operation of demonstration of magnetoresistance and

magnetoimpedance effect

5A. 5ae Wudinsgns
Thongchai Panmatarith
UNARED

Tﬂiqmuﬁtﬁm’ﬁmﬁ’umsm?ﬂuﬁ@umﬁ‘mnﬁaaﬁ?\iﬁuﬁﬂum FaganlAdaRAnduazldunis
Uszynsfifaniaeans Viaaeiasfladwiinmmasauanfszneudaetase LP, n1fn DAQ uaz
watAn fletssuatsusimEndiiivwe 0.26 wom® Wiunians MgFe,0, waz Niy Zn, Fe,0, Wud1any
Frunu8aRNs MgFe 0, UaT Ni, .Zn, . Fe,0, Hianatiudng 2.645 MC2 - 2,622 ML uax
5.25 k(2 - 5.205 kO adAL e nuasssnnAsangmsniinillsiFawnut s

Ni, .21, .Fe,0, anmnanldlunsandmlnngmsaiusnillrgsiusudisadimaandne duiuaudann

5.78 k€Y il 5.745 K

AdnATy - e induuniileiBaumd  wminduiniladufiuaud sl

Abstract

This project involved sample preparation from starting materials in powder form. Physical
properties of the samples were measured. Application of the samples were determined.  Instruments
for sampie testing were constructed and composed of LP connector, DAQ Card and LabVIEW. When
the magnetic field of 0.26 Wb/m® was applied to MgFe,O, and Ni, .Zn, . .Fe,O,. the resistances of
MgFe,O, and Ni, .Zn, ,.Fe,0, decreased in the interval of 2.645 M{) -2.622 MCD and 5.25 k(2-5.205
k€, respectively due to the effect of magnetoresistance effect.  Nij.Zn, ..Fe,O, can be used for

demonstration the magnetoimpedance effect by decreasing the impedance from 5.78 k(D to 5.745

k€.
Keyword : magnetoresistance ceramics , magnetocapacitance ceramics,

magnetoimpedance ceramics , LabVIEW

'saemnaninantd AN AANd FaafiRnWandiag medeRand ansinennant wivendoszatuaiund
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'Assoc. Prof., 2Physics student, Materials Physics Laboratory, Department of Physics, Faculty of Science, Prince of

Songkla University, Hat Yai, 90112 Thailand. Corresponding e-mail : tongchai.p@psu.ac.th
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a .
AN
n) s AnAuNnilasdauLaud

Jlgsenans La, ,Sr, MO, UaY La B3, ,,MNC, naseuuNnillnzdaunud

067
(magnetoresistance test) loan1zinAu AL AU IMED A nAuRLE B=KR) 1
Avsueanuuuiiiuinfaawinudedn (Yunhui Xu, 2001)  Swdauans La,,Sr, M0, TRAT1mIn RN
ﬁ%uﬁummmmmﬁn (G vs B) (Kozlova, N, 2003) ﬁﬁmam‘[mﬂmwuuuﬁummﬁnmq:‘ﬁmﬁﬁﬁ
Aduend puiuesindesAiunlas Ussunszualindindnudataussilning
wAeuatasnnanan m’mL%qﬁLﬂﬁauuﬂmmuLfmwﬁfi'mlﬁqzﬁﬂﬂﬂi:qnﬁl%‘lumﬁ’ui’é’mmL?q"umm?
wuuseusaEU AT B aennamaztin i lunanems Ty (Giebeler G, 2001) TigLsFan

NI, Mn Fe,0, (x=0.0, 0.2, 0.4,0.8) Seumnilliduiituiuasududiuausuivgn Mvs H) pox
Frun sl uaz Ll Ugum I imEn (R..R) ALAnAT N AU U Asuntlas (AR) A

fagdauuuniilonadu (ARR)  daunsmdpmdauniiloedu (ARR ) Mdudvaaduaunwivin

H dgdan Fe’Fe’ Wuanwmainlmfadsingnisniusnilleziawaud (Hongwei Qin, 2000) HEunu

|
o o & o g

Wi mAN LA AAE LT (GMR sensor)  HANNSIARLINAIHE W LI TadFaaas T sh

3
=

AunuwiwRNANTY Audiiufeesaninsuuituiueciiash Wl szgndldiduiiananus
(velocity sensor)  ATMANRUSITuIamnsuguiuA N un i Reuireasdn lihlszgnsfldvingu
Widmyu (angle sensor) (Treutler, C. P. O., 2001) ﬁé’ﬁﬂ]:r’lﬂﬂﬂ“l'ﬂﬁ&ﬂtﬂﬁﬂLﬂﬂﬁiﬁ\ﬁﬂu: {semimetallic
ferromagnetic oxides) AuaniAnamuandad LM iRNF TNt lETFausud  1dmeaunng
aanuuy niafuazmsmesauiriratwmdauuutatnliiinnsduda (contact-less on-off position
sensor) NI INA&UMIN La,, 51, MnO, (Rubi, D., 2006) HgAnwa13iaeting YBa,Cu,0,, Iaun1sin
wunfilmaduuaranusumuudmdnluawnwlindniuowadigan 50 maan (Yurii Skourski, 2004)
= - o o 3t = o 3 ' -
AfAne i ipAaduenFdviuninlssynid e uifuasge MnIduATNIALAURIREAUNILIIIAY
=t o [ et dy 4 o ad i
fanuarrny  ddawuniifunwiadageadla (Fermon, C., 2006)

- o Y =4 L4
1) AN ALNNLLADNN LA

HgAmn lnansasonszualiinwariumsumssussasudianszua i fluaniuans
() upzursulwiAnAsanans (V) AMuinidnfRuadeasans (2) faagas z=vi  Rouatsdnuauiy
wwdnAA iy Annduiutrzniwszasissiemriuumsanidaaunwimans il
nrAgAdaATuLMEe  vdauuniilpduiuaud (magneto-impedance sensor) inunananpdnigu
FeCoSiB (Kentaro Totsu, 2004)  HEFunans FeCoSiB/Cu/FeCoSiB Amsntlsngnisaduuniiie
= = a ar = a d‘-g ar ] & &
fuAuaud Taensinduiuauteasa sATuALAUINLMAD (Z vs B) Aauduiug B=f(Z) 16 luns
Usee nalEbivinwih A wiadnawinwiman (Yamadera, H., 2000) HE6Fenans La,,Sr, ,MnO, 2ANT
e A o . m o . - . L e 2 X
WU ANANTYe LT AL IHHN BuRwauTIaaAa1Tansd  eA T NAL NLEMANIALTIL
duAusutuniasiaans TuuufivAnsassnsasad (ifan Hu, 2001) HdusstnguuaanuAniugu
wazmgszgnfldaaa nsnlussiulwiharufigadiuwn LC (LC high pass fitter) A wiusiadaunnilin

Sufiuaut (Seung-Dae Kim, 2008) #HgAunmwursingnisniusnilnduiuaulugle (GM) effect) lu
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waflsfuuniiadaffinumnfives maUsinginuundfuiuaudilan 61.2 % Faind =5 MHz nels

=l

AWM H=3 kOe (Filan Hu, 2006) Afsoaulsingnisniunniilefariuautiu La, , Ba, MnO, N8 16

' 2
a =il

aunnuiwEn RN LansRT A newuildida s uduugssndnesnaudmaniunisaudine

nfLEnvseling (Jifan Hu, 2000)
unastifendasiunslszandlddugUnsaladnusingnsalunniilriawsut guUnsniante

UnngnisafusniiinanFumufuazgnanianinUnngnisaluniindufvaud

Famailnsaluasiing

18.1 malszgnaldifluginsaiadmlsingnisaiusniilasdauaud

1) fé”mﬂ'?'mﬁﬂLﬁ'm’ﬁ\mmumeﬁnmqmmgq (high strength magnetic field) ﬁammﬂugﬂﬁ 18.1.1
Usnsntiu 220 V uidaidiomladiin 220 v-48 v udfeulaelwdintiazutatusesufia 200 v T
a8V deldilaleafraunBadiiewlacuseiulninnss usadl Iiduussdulwinazuanss deands
smsnsaanszua g sznauaadatls i 2 i enseurw il Sourieiianad

wsadulFdAnlrzunng 54 v axgnadllfarssoawiinni fawnawdvin (8) iintusiungasieuild

: 8 '
=]

B=UNIL  aunnusimdnfiladaintufiawe 1.314x10° Wo/m® (naluumumdng AUNHUHIMANT LiaFa

= =l

Auaunn 0.26 Wo/m® (Rduanssiesng)

Low Voltage BT
T High Current
D1 D1
Power l
— Cap
Supply D1 D1
220V 48V CBT Induction coil

1R 18.1.1 nsdnATaNinHeIWDAT AL IHUHIMANAI LT IG

2) Aowesiaduiudwiunmalszgniidans MgFe,0, uaz Ni,,.Zn, .Fe,0, Wi idugUnanda @
deingnisniusniilmiidaunudén LaoviIEw mew‘i’qgﬂﬁ 18.1.2 &% Front Panel WAz Block diagram
Auiunsuszenelldans MgFe,0, uas Ni, Zn, ..Fe,0, Wiisrtiiiiugdnanfandenangnisniuund
IR3Raunuifion LabVIEW fgl LabVIEW ammﬁagﬂﬁ 18.1.3 @ssastaiilivases Ae MgFe,O, way
Ni,,.Zn, .Fe,0, nszualinanuussdtelnin 5 v Inadudoshuwnuliss (R) 2 M) WAzANsFat
fanushuniu R, usasulWioanaden R, uaz R+R 167V, ez V, AINAAL wnzazdn U anatog
input G (AI0) UAT analog input 1 (A1) 784 LP connector ATNATAY V, Was V, Aztinu DAQ Card Wl
TuaaniumeflagmeAatuANLes DAQ Assistant  #3V, WAz 1 Amplitude and Level Measurements

waldnaneidludn Mean (DC)  Split signal azuain v, uax vV, eananiiu - da v, usz v W7 Divide e
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HALREILATIZVINA
1) adnsaimdndsingnisaiuandisddanaud
taszgnafldians MgFe,0, sz Ni .Zn, ..Fe,0, Whimwihiidugunsalfanfadsmngnisniuenilln

Fagunudion LabVIEW ugnedenil 1812 Aousinumiunesans MoFe,0, Srnanadlutag 2.645 ML -

2622 M) PN INEBENS N Zn, . Fe,0, Henanadludie 525 k(D - 5205 k€2
2) ailnsalaBrdlsingmeninaniladufiuaud

maszgnefans Ni,  Zn, . Fe,0, neaigmdsingnisaisnilladufuauddion LabviEw

ugnasaqit 1832 wunillnduiuauduesansil dranasann 5.78 k2 Tl 5745 k€2

#5Uuansnaaas
1) awnIndszgnAlEans MgFe,0, uas Ni, . Zn, . Fe,0, Wiinuihiduginsalanimlsngniend

= aday 4
wnnilrsFaun U LA
2) sunsadsEansans Ni, . Zn, .Fe,0, Amfumasniadsngnisaiuunidinguiuad

3) epupuMmAaewianuAsayTLswnIy LabVIEW uas DAQ card

neAnssulsznA
fileunazaunuuwinenduasrsuriun g miunsatiumpaiion muldsn (2550)
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Applications of demonstrative device for magnetoelectric, electromagnetic and

magnetoelastic effect

ar ar - 4
5A. 6918 WURLNEIOND

Thongchai Panmatarith

UNARED

T,ﬂNmuiﬁﬂﬁmﬁ’unmm%uﬁﬂumsmnﬁm%&ﬁw‘?ﬂﬂum TaandFidaRAnduaz Fuing
tszynelldonuresans nasedledmiunmassuansidsznoudaadasie LP . n15a DAQ Ay
warda  datlsngnisadunniieBidnsinaasans BaTio, , Ba,,Zn,,TiO, , BICrO, , Sr, Pb, ,TiO, WAz
PB(Zr, ., Tig 46005 w‘urjflLL‘Nﬁ'i’ul.mnﬁTm%Lﬁnm?‘nmmvgnmsﬁﬁﬁLﬁu%u'lwum:ﬁlﬁ%’uﬂmuu,u' MANTWIA 0.26
whim®  daduanswsndanunsnibhlszgnsdusunsaimlnngnisiuniindidngsn Lidnemdan
wisuAnTWHA Mn, Ni; Fe,O, nutidlearsfrecreuWiRndy BuRwnduazaugliinaneans
fnafifFnanaslutaaaaa 100 Hz B9 10 kHz  Aeoramieninsauiimaaadlutosnnud 100 Hz fa 10
kHz unzazilFniiuduil 100 kHz mﬁ*ﬁﬂmﬂﬂaLmmﬂuﬂﬁmmi’muﬁmﬁnlﬂﬁﬂ ijaimﬂmngmmil,mnﬁ
Infanafinuasans MgFe,0, walsngitanusinmulainasiisanadutg 16.8 M2 - 12.8 ME2 o
Iuusanasaasanialasinesnniy msﬁmma‘nﬂszqnm“lﬁﬁwﬁﬂﬁﬂuﬂﬂnsnﬁm'ﬁmﬂmngmmﬁ
unnidlndanasin

AdAny ndndunnilindifingdn  weindusdmdniin e induuniledanadin  waldn

Abstract

This project involved sample preparation from starting materials in powder form. Physical
properties of the samples were measured. Apptication of the samples were determined.  Instruments
for sample testing were constructed and composed of LP connector, DAG Card and LabVIEW.
Magnetoelectric effects of BaTiO, , Ba, ,Zn,, TiO, , BICrO, Sr,(Pb, TIO, and Pb{Zr, ., Ti, ,.)O, materials
were measured. The results showed that magnetoelectric voltages of all samples increased under the
applied magnetic field of 0.26 Wh/m’. So, these samples can be used for demonstration the
magnetoelectic effect. The electromagnetic material which made from Mn, Ni, ,Fe,O, ceramics. The
results showed that impedance abd capacitance decreased when voltage frequency increased in the
frequency range of 100 Hz - 10 kHz. The mutual inductance decreased in the frequency range of
100 Hz - 10 kHz and incressed at 100 kHz. The sample shiwed the properties of electromagnetic

material. The magnetoelastic effect of MgFe, O, material was measured. The results showed that the
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resistance decreased in the interval of 16.8 MC2 - 12.8 M{2 when the sample was pressed. This
sample can be used as demonstrative device for magnetoelectric, electromagnetic and magnetoelastic
effect.

Keyword : magnetoelectric ceramics , electromagnetic ceramics , magnetoelastic effect

LabVIEW
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tiaudn

o o = B Y
n) s iinduuntimdannin

HfAn BiMnO, ludaauuniilnBidnsin (magnetoetectric material) Auantlsingnisnllwin
waflsunnilln (magnetoferroelectricity effect)  Usangnisaiilaziieafaaiudunausivdniiefls
{ferromagnetism) LAz AW (ferroelectricity)  aNURBILLWMANTATULARAT AB 29MTATUHMAN
(Bvs H) audFd Wi hariinans Aa qansd Wil (Pvs E) (Mareira, A, 2002) Hfirseudan
wniiipdidnFanitigrau CuFe,0,-Ba, Pb, ,TiO, Minnnmmaaaafitariunisiwasluii (electric poling)
uaZNTIWAUL AN {magnetic poling) udadinAA e BIANFENTILTLAIME (€, vs ) LATANRNTWTIL

] ‘s ‘3 o d’ o ar Ly » o [ -3

Auldmeudmdniauiuacud ()t vs 0 Shaouduiusszndesnu i iuaunusivin (€ vs B)
Al sznaum swtasduninilanfidnesn (magnetoelectric conversion factor (dE/dH)) (Patankar,

=

K. K., 2001) flfwdenmmiinduaumailsmidnsin-waslad PMZNT was Nicuzn Sarnasilagiansing

ar Y

e e o
AANPNT LABLANFTNY

a

é.’ = . = 14 1 o d'A, o o
Tufuaad (€ vs f wazianmouTnldvawivdniituiuaanud (1, vs 1)
:4.( - = ] =] i 4 o d‘-g o o] ey
Fufugumnil (€ vs T) uazAanwWInUEn I 1animanfiauiugnmgll (L vs ) 89uanaantis
whwdn Wit deanildsegndldiluensainisnsas EMI (Zhenxing Yue, 2004) 3iisFtinans BiMnO,
negauLsIngnsaluunilindidne3n (magretoelectric effect)  Taanaluin C Aduduawinuaingn 8
Tampailagd@nminunueiliieus WlEFuauswiuin (€ (H), €(0)] AnnuAAilaBdnAEn?

i = ) r d - 5 - ] i IA’ ot
waeul [€H)-€(0)] dauniminsuaniarailadianssniulzeull [€(H)-€(0)) My

' & i - . - X > @ A = o =

ANWHWANALATL B (Youn-Ki Jun, 2005)  Rg&unmwunsifstunieniuessanidvaflsdéneinuaz
antRmeflsuuniuiiniignuugildias Wlrzavdrdalunsl@a poTio, MillueilsBidnainliduian
uwunillmBidnaininanisunudl Fe inumds Ti szup Pb(Fe,Ti, )O, {Palkar, V. R., 2005)

2. iandinAunasls
J. L. Znang (1992) 4imfen 8a, 51, TIO, nassunafiuussAiLtzzaliily Ligin Znou

(1992) 1 sRenAuA UL T auULuaN a9 S Ba_ TiO, SAamwinuymulwin Anpailedidnainuazsn
1 0.7 0.3 3

U5znay
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de v e o
nsgrydanduiudiuanud

a o [ =1 oo,
A. w@rindusimaninais

G. Gusmano (1993) 1A uisan MgFe,0, InAnuwgu (porosity) IanuHadwmwIE (specific surface
area) JATUNATEIBLNA (particle size) FIBLATEY (SEM) LazTnanimaunulii (resistivity) Tz
a171EFuRINEY (humidity ) D. Ravinder {1994) 15311 Mn-Zn ferrite Faaniwnngin Wi (electrical
conductivity) fiduuiiuanamgll Sadunlse@ndTiun (Seebeck coefficientdniutiiuguugil AA,
Sattar (1996) 1#sFuundnian Mn-Zn ferrite Sanstuiugmgdeasanminunilwiuazsesanm
BELIUINIHIMAD

o ¥ [
3. MFIANARINAnTHRA
s Sindusindnlvin e winindi uansaTiviesmdnuas Wi wu Apumilatiisond

Fufunnufnazaaciiladdnmniduiuead (0 faethigasteassindualmdntyin ldun wafind
HANTEUI1S NiFe,O, Al BaTio, sy fathansuszansdunqmiindusinantdin laun gunandnng
nFeanTUnsnAaALmAN W (electromagnetic interference filter, EMI filter) kazgunsniniansaanas
Lminﬁfaﬂﬂmuﬁ?mq (radiofrequency interference filter, RFI filter) Twavastidnnsaiind
a. Esdinduanilladanadin

HEAANITY paoslugneuzrsmiauwadminihn suisussdlifinan v, sniuy, dnm
it aausasfuInidlen v v v, wienaslniniunu e suansaFuuniindaain
{(magnetoelastic property 139 F n3syin lavuidu F/A Fasu Aammadsldmouimandusing
(W) fAnanas auNudivdn B=gL JLH aaas 201381 B-H drwnaidnas Tapoaduiludsiduses
aunudman Aranweunlinswhvdnuasinanisidaussiuliin stress=f(B), fLL), f(v,) Ia
wrafudadfuresauuuman Aamwinudslivausivinuazgnrnisudasusaiuliily stress=(B),
f(LL), f(V,) (Adam Bie kowski, 2004) HEAN®UNAAINIATIAYANTA (Microstrain gauge) Lﬂu@ﬂnimw
HimaweSon  Usingnisalusnilindaiadin (magnetoelastic effect) A Uringmsadfianufiauguii
Wi uimdntesasdmumieuladiifinaania (microtransformer) Aa ufiaudadwiiaunadn
ponursaiAasuluTan lnfuindniesnureie uriaa AL sz uwdnnasdrdty
FMFLNN IR LB R AN LAREAT {Ben Amor, 2005) {lfAnminsmaihvindadawnicld e
Tavraeaindnassetsganain lan maditidmauiudnaauas Tavzaesiinivanainans
Fe,,Si,B,, aztwifduunuanacateERmTzua Wi anneissiuledyg i ussdleinan
ASELTPRIRATI LA IINRTSR  Frunifiasdaflanudiiusivmasnwinun Bnauiadniiasann
NATBINI9NE {Pfutzner, H., 2005)

‘u‘nmmﬁtﬂum?ﬂi:qnﬂ’iﬁtﬂu@ﬂn?tﬂﬂﬂﬁﬂﬂiﬂngma‘tﬁuunﬁ‘[mﬁlﬁnm‘?n gunsaladnmiind

wwmdn i uargUnsniandnUsngnisalunnilinganaiin
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Tanainsoluazisnig

19.1 medszandldifiuginsaimndmlangmsaluuniladianain

1) dniereaiiefaaireauuudivanANIsgs (high strength magnetic field) ﬁmﬁmiugﬂﬁ 19.1.1
danellvting 220 v anmseutadliin 220 v-48 v wifeuuadiwindazulasusedusia 220 v dlsid
a8y dalililatasfreuuiBadiieutaausaiuliianszuasdy il duusadulifianszusmss dand
aeasnseanszualiindalsenavdaedifulsq i 2 Fensasusasulin Widewiteiiaanad

wsasuildflFnlszann 54 v azgnaslidmaaiamiienin  fauuwivin (8) detusunpaaauauuls

=Y o

B=LNIL  aunyusimdndlFafatuding 1.314x10° wom’ (meluunumdn) auisudimdniilsisineg

;%
=4 =

Auimune 0.26 Whim? (Veinudnssaasng

Low Voltage BT
High Current
D1 D1
Power [
] Cap
supply D1 D1
220V 48V CaT Induction coil

sUT 1911 msdondrasiioiainainaaunwimanAuuTIge

2) Smeaaiiedowiumadauiaugnenianimlengmeniuniiladidnsin fae LabVIEW WATAgLT
19.1.2 a%14 Front Panel Lae Block diagram & wiudnwsianst Insnfadntsngnisaduniingiinen
fatl LabVIEW wandeild 19.1.3 snefethefitinmaea fa BaTio, , Ba, Zn,  TiO, . BICIO, |

81, Pby, TIO, UAZ Pb(Zr, ,Ti )0,  SIUNAUINA A NAS (V) Whidfi analog input 0 (AI0) 183 LP
comector L3siulin (V) Az DAQ Card dl lunsxiamesiignasunusng DAQ Assistant 44
weadulHA (V) Wi Amplitude and Level Measurements e 1L Mean (DC)  namaugsnuliin (V) das
Numeric Indicator aasaunmsimnidnlluazussssian Numeric Indicator  UtN98INTINNUTES
Tusunsuding Millisecond Muitiple  Stop iU Numeric Control fnmihidlauastlanisinanu while
Loop @:muq:umsﬁmwﬁﬂjﬁwm‘lﬁﬂﬂmm auauInsilwan B=0.26 Wh/m® UAYLLARAYE Numeric
Indicator a5 Program [feuanansw voltage vs time A4 Front Panel uas Block Diagram $in¢)

Printer
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Transformer wiring

LCR Meter

Electrode

with ferrimagnetic core

2
o

gﬂ‘ﬁl 19.2.3 masntedlaioTamanuriienioniity ummﬁ’uaﬁﬁ@uﬂmﬁniwqﬁw
Ap1rdna RLC Meater maufle Sevinlédail
blue reset — Yes—> Enter
blue cable —»1 m —> Enter
Meas Parameter —» L2—» N—> Enter
Freq—> 100 kHz—> Enter
open correction (Blue open) —> open measure —> Enter
2) ¥M2TaAT M uaz { A9 100 Hz, 120 Hz, 1 kHz, 10 kHz waz 100 kHz Sasin @il
Connect DUT ; Setting measured quantity —M
Continue to measure the M value at 100 Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz
Record the results in Table 1
3) dliriungIWaed M vs f At EXCEL w?@u“ﬁ’ummﬁmw (gﬂﬁ 16.1.4)
19.3 nsdszgnslditiugdnsaianiamsiadmngnisaiuuniilndanaiin

Fatasiladmsumaszyndldsasas MgFe,0, Trfwifidugdnanfanindsn gnisaduund
Indanafindan LabVIEW uaneiegUil 19.3.1 &% Front Panel uax Block diagram & siunistlszendld
299077 MgFe,0, Wit {ugnsalangesngnisalunniilsdatafindioe LabVIEW uaGagL
1932 Asdetuitlinasss A MgFe,0, nszualwiannumastne i 5 v lnadhuiadunmiluas
(R 1MQ WAZEIARE TR A N Y R, uwiwulWdanasan R uaz R +R HAT V. waz v,
audndy uazazidn i analog input 0 (Al0) uaz analog input 1 (Al1) 89 LP connector ANAYGL VL
uaz V_ azd i DAQ Card il luranfuseflaenisaiugupes DAQ Assistant 84 V, LAz v, Wi
Amplitude and Level Measurements Lﬁﬂlﬁﬂmmﬂum Mean {DC) Split signal azuan Vs LAy VLs 8an
AN @9V, UAT V,, 147 Divide Wilaun V=V -V, ﬁmmmnmlﬂﬁwﬁlumﬁu‘iuﬁmﬁwzﬁm L =VUR,
Nezualwfia =1 AMUIMAINENUN TWIE A TANBENSIEERT R=V /1. LARIATNAILMT (R) fagl
Numeric Indicator  WidaaIN1TMNaedllsunsuéag Milisecond Multiple Stop 14 Numeric Control
i 7idlauaziianiminau. While Loop 'ﬂ:muqmmiﬁﬁqm%ﬁjﬁwmm?me wnulilasiimed

dwaliiiausanedrats  Arudurulnii (R) Wemanldsuulssluansia s idfuusansdadaiumg
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nansaTBalsngnisafwanilnfidnsinae LabvIEW uaneiagdi 19.1.3 mafuuaiusaiu
unnfiIABLANGEN (magnetoelectric voltage) uansluANs19% 19.1.1 wsaauLuniinsldansinaneans
BaTiC, , Ba,,Zn,,TiC, . BICrO, , Sr,,Pb, TiO, uaz Pb(Zr, ,Ti, )0, HAAnduluaailaiy

AUHLULUIAN

- = ' ar =l -G o o =l a o Y o '
177N 19.1.1 ﬂ']'il,ﬂﬂEJUﬂ']LI.NﬂULLNﬂuT,WﬂLﬂHFI?ﬂLTWNH@LLNHUIW@Lﬂﬂﬂ?ﬂ‘ﬁu@ﬂqd'}

Samples ME Veltage change (mV)
BaTiO, 7-28

Ba,.Zn,TiO, 2-16

BiCrO, 0-55

Sr, P, TiO, -9 -1

Pb(Zr, . Tig 41Oy 4-245

L

2) aunsaladadsingmsaiusiuanidi

auAuautuszpuaiWiniduiuauiizedTanuidnIafia Mo, Ni Fe,0, uanimagUn

19.2.3  AanumiianhfuituiuanuisedianudmdnTuiii Mo, Ni  Fe,0, uanadfiagili 19.2.4

E B 02323
S . y = 1.7974x
= k=t y .
[ub] =
@ @ R =0.939
% § e}
a = \
E =3 )

" : 3 10 190

0.1 1 10 100
Frequency (kHz} Frequency (kHz)

1% 19.2.3 BuueuduazpugliinduiuaubresdaguuimdnIni Mo, Ni Fe,C,
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I
P
<D

y=0.0028x - 0.2615x + 327.37

5; - . el
@ 300 R = 08213
&
5] ‘# L 2 —~
g 200 ,
2 y=0.0019x" - 0.1978x + 234 31
3 100 2 _
5 R™ = 0.4306
s
&
0.1 1 10 100
®  Mnocore {uH)
Frequency (kHz) —B— phave core (UH)

——— TnEuLijta (Mhave core (uH))
alwiliea (Mno core (uH))

v '

7 19.2.4 Aposilgnhsuiauivanufsasiaguiwmaniih M Ni Fe,0,

b3
o

AUNSTILAABLALALTTATUANE (Z vs ) paeFanulimAninda
Z = 95.497f" % 1)
aunnai me\amm@lﬂﬁwﬁ%uﬁmfmuﬁ (C vs © 2893RR1 AN TN
C=1.79741"%% (2)

o . I T - G = v -
ANNITRRAAIATAVIHINLEITINNTUAL AN (M vs ) ’f.l'ﬂ\i’]ﬁlﬁ]Ll.JJL‘Hﬁﬂlﬂﬁ’l

L = (0.0028F — 0.2615f + 327.37 (3)

no core

L = 0.0019f - 0.1978f + 234.31 (4)

have core

& oA

; - o - X e e , =
Lﬁﬂﬂqqﬂﬂﬂ@dLL?QﬂUlﬂﬁWLWN'ﬂIH @NWLL@U‘HLLﬂtﬁ'J'HJ’q‘lﬂﬁ’]?.Iﬂ\ﬁﬂj‘i'ﬁ]'Nﬂﬁﬂ'?ﬂﬂﬂ\ﬂu’ﬂ'Nﬂqfl'}-lﬂ 100 Hz
- . A e oa, , - A PN S
e 10 kHz mﬂ’J’mmuil'Jmmuumaﬂmlumqmmﬂ 100 Hz T4 10 kHz WazardAtwNgwy 100 kHz

a1s¥inanaduansantivasianuauan i

3) 'qﬂn‘mimEﬂﬂﬁngmscﬁuunmﬂ%maﬁn

msLsrynsdavans MgFe,0, Wiwhiilugnsalagaumngnisaluniladanadindon
LabVIEW uasadiagilii 19.3.2 Nﬂﬂ‘j"m{]’hﬁ’lLLidﬂﬂﬁmﬂﬁ?Nﬂn%u ANHF LIzl Atana Tut
16.8 M2 - 12.8 ME2 ﬂmngnwnin.mnﬁimﬁmﬂﬁnﬁﬁFmuﬁf}umwﬂ?{ﬂuuﬂmlﬂmmmnmfﬁmﬁ’muﬂu

E Yy A ey
fug i i dAnmifeaiudanaann

ATHANITVNIARDL
1) 419 BaTiQ, , Ba, Zn,,TiO, , BICrO, , Sr,,Pb,, TiO, UAT Pb(Zr, ,Ti, ,)O, sxnsarin Wuszenelld

gt nsndangmdsingnisndunnislnddnesn
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2) @17 M Ni_ Fe,0, BuunlinirhihlszgnsgUniniardmlengnisaiudimdnisi
3) &7 MgFe,0, Huuehinihhlszgndgnsniadmlsingmsnluuntlndanadn

4y haauAunimaaneiauuafooldsunty LabVIEW waz DAQ card

neRnssulszn1A
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20. MeinmspavAuaIRaLsigansitalalanadsIindiduauaznig
& o

dszena ldugilnsnisinduasganslilaian

The measurement of uitraviolet response of optical ceramics and application for

ultraviolet light switch

a ar £
5A. 5958 WUSINEIONE

Thongchai Panmatarith

UNARLD

IﬂNmuﬁlﬁlmﬁmﬁunﬁm’?ﬂuﬁﬂuﬂwmnffﬁﬂﬁ’aﬁuﬁﬂum TaamiRFRANduaz ldunig
Uszendldnuaedans Viasasitesiledmiumsveaeuansilsznaudaedasa LP . n1$h DAQ Az
walfin  iladns Zn0, ZnO+0.02Ti0, uaz Zn0+0.015b,0, WLuasganslhlawammudnA ML
fidnanas  ansiiirousumdwihadeswlasnniigadielifuussldiuusgansialaen fe
Zn0O+0.018b,0, gsiiaalalunsreuaueseuamansialaardsRatsnanAanwaayla
sauasgaasalaaniiGesaninniuiion f2 Zn0O+0.018b,0,, Zn0+0.02TI0, kax ZnO AsiFAAT
lumssauaussiauasganslalawsunige Ao Zn0+0.015b,0, ehauiTinouiumuliiig
it WANEARITBIRFUBIANT Zn0O+0.02Ti0, I uswen m'l%wudwﬁ'wmmmﬁmﬁn*ﬁgﬂugﬂmﬂﬂ%mf WA
gearlawnravrindidaly nﬁiﬁfluﬁ'}ﬁﬂuqﬂnscﬂﬂﬁm'ELcmwzmﬁ’ﬂLﬂ?:mﬂﬂmﬁ@u Greater 141
finsuBeuiuAnszisusadWinan Asonans iU ARNALIRYS  cannsuBouiduagil
ArupEn eI eedal Trasamviaduasluas auds

Amddny - mandindiineuauswialay  gnseiadeduasgasnlalaan  uaildo

Abstract

This project invelved sample preparation from starting materials in powder form.  Physical
properties of the samples were measured. Application of the samples were determined.  Instruments
for sample testing were censtructed and composed of LP connector, DAQ Card and LabvIEW. When
the ZnO, ZnO+0.02Ti0, and ZnO+0.015b,C, received ultraviolet light.  The result showed that the
resistance decreased. The sample that the most changing of resistance when nen-receviing and
receiving ultraviclet light was ZnO+0.015b,0,. The samples that ultraviolet response sensitivity by
determining from uliraviclet optical sensitivity from large to low were Zn0+0.015b,0,, ZnC+0.02TiQ,
and ZnO. The sample that the ultraviolet response sensitivity as the most value was Zn0+0.015b,0,.
When the ultraviclet light dependence on resiststivity property of ZnO+0.02TiO, was applied. The
resuit showed that the sample can be used as ultraviolet light switch of optical ceramics. The

operation of optical swilch device will use Greater of virtual instrument and relation between voltage
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drop across on the sample and setting voltage was compared. The result will use for controliing the
operation of relay, solid state relay and load, respectively.

Keyword : optical response ceramics , uitraviolet light switch , LabVIEW

sernaananm  ealfiAneWAndTan  adnRdnd ausinemand uninendaasauaiund welung

AET 90112 UszimAlne

Assoc. Prof., Malerials Physics Laboratory, Department of Physics, Faculty of Science, Prince of Songkla University, Hat

Yai, 90112 Thailand. Corresponding e-mail : tongchai p@psu.ac.th
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figAnmAyneanlsfdussis i ififeriaunundannu 3.7 ev # 0 K Windaiaunad lials
(transparent thin-film electrode) &IuuANYBL 90In,C,-10Sn0, WnAdin W Tissla (transparent
conductive film) {Moulson, A.J. WAz Herbert, J.M., 1990)

wnaniliiumnlszgndlfduguUnsaliandnnimreusuessauasnsnslaenussgnsniaing

uasgani hilaanreasmindidauas

JanaUnsniuazitinng

20.1 msdszgnalfiflugnsaiadanissreusuasiausiaanmllanmasesindidauas
Snusasilednuiy n13Uszgneians Zno, Zn0+0.02TI0, kA ZnO+0.015b,0, Wiinwinfidu

aunsalaBanimevausssiouaigans lalawnsiae LabviEw meﬁqgﬂﬁ 20.1.1 #524 Front Panel LAY

Block diagram &uiunnsilsvgnsians Zno, ZnO+0.02Ti0, waz Zn0+0.015b,0, Iﬁﬁﬂnﬁwﬁtﬂugﬂ nsnd

aBANTRBLALBIRe AR TBIARAYE LabVIEW wanddegulii 2012 @rsetnaiiidnaass Ae

Zn0, ZnO+0.02Ti0, Az Zn0+0.015b,0, nzuslwiaanuuasinein 5 v aranszusiwinluariu

=

fsuniuluan (R ) 2 kO uazarssatiheiiiaanuiumn R, wiiulwimnasou R uar R+R_ HA
V, UAY V, ANATRY uazazdn g analog input 0 (Al0) uaz analog input 1 (Al1) 284 LP connesjgr
AINATAY V, Az v, Az DAQ Card Wil lurenfinmef DAQ Assistant azvinaulpunisiu
U39l V, usz v, 490 LP connector axdasin DAQ card i lumesfiowes a4 v, uaz v, i
Amplitude and Level Measurements waliinaenilusn Mean (DC) Split signal Azuen vV, uaz v, aan
AN de v, uaz v, 17 Divide ilew V,=v_-v. Aratunszualwioivacuivasdnsans | =V /R,
nzialiin 1 =1 AMunnieuiuueAnsEaestgas R=V/, LanaimunI (R) ot
Numeric Indicator #HaaaINIILaaallisunsumae Millisecond Multiple - Stop 1w Numeric Control
fminiidauaziiam s While Loop xRN esTsunsy Uassuainanil
TowaniintUuazuande Numeric Indicator &1 Run Tlsunta i UARANT T resistance vs time A

Front Panel uax Block Diagram @18 Printer
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202 madszgnaldiliuginsaisinfuanansilaassatsiindiduas
Fowitpafiaifenaaennlszyndant zn0+0.021i0, WnwihAidug nsniminfuagamslalawas
79 INELTIUAAY LabVIEW LLamﬁ’qgﬂﬁ 20.2.1 @574 Front panel uas Block diagram ATusw
Usvensians ZnO-+0.02TiO, Thuiidunnsniadinfuasgans laarasaeniindifuasiny
LabVIEW uamedagLlii 2022 usesuldfnszuanas 5 v aanan 14 724 LP Connector Tuatiuanasnating
(@3 Zn0+0.02Ti0,) Al miimunu R, uazdafiumiuluan R (5kE2) a1 GND  flusadulrifinsnaian
R Wiy v usaAulnin v azanidf AI0 283 LP Connector 51t DAQ Card Whaenfiaimal DAQ
Assistant2 AR LA VS dound Amplitude and Level Measurements i ltiuans
w3ad I N A AT LRAY Mean (DC) wARLNFUIWHAN V fintl Numeric Indicator waz Waveform Chart
A9FUFIFUTNAN V 1147 Greater  dau Setting Voltage ﬁq:gnmmmﬁqﬁ Greater 1wy a4 luns
nEruipuA1  wanisFeufieusasgnaeesnniaeyinn w1 Not Function Liiaannne DAQ
Assistant! usasalWiRRRsNLafana1aazaanaIn DAQ Card 117 LP Connector  1saiuann LP
Connector azsndinfizsasditiadifamuanumailoilaging Findidueuws ﬁa@miﬁﬂﬁw“ﬁ%’fa 3 69
fudn 4 enddn 3 uaz 4 fq:muaunmilﬂu,azﬂﬂLLNﬁulﬂﬁwﬁmLij’ﬂﬁﬁuwwmq‘[mﬁmaw?l,ﬁrj BN
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p NI PCIB221 >
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Electric Fan
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.| PCISlot o Computer | Printer
GND
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Solid State Relay Relay Drive Circuit LP Bgnnector PCI Slot & Computer
4 g " DAQCard [

9191 20.2.1 dawdasdaiRannaatnlszyndart ZnO+0.02TiO, Wiwdwidu

ginidaiatuasnanililalanuaamsindifsuasig LabvIEW
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Aunuanmwanulirouasganslalesn (G) angas G = [(R-R) /R17100 1ile R uaz R il
pomF U IBAnINouLAzuA BT U LA AR I Talen  WHeRAYIIATE T 18.1.2 AN G Ailuon
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[
=1

y E . . o X . .
ATHFININTENANT (R) Asifindin  ussdulWinanasanannifndu  ussiuldfmnasenuas R (V) i
Fraenaluton 3.4 V- 3.152 vV msilAsuutasreusadulnimnasaninan luns ldfuuss lilafuuas

Az liiiansArLANNIIINLesTIat LA Tuan

#qilaan1Tnaany

1) @15 Zn0, ZnO+0.02TiC, Usz ZnO+0.015b,0, kaRIN1IRaLAawaLagan 2 lalan

2) 815 Zn0O+0.02Ti0, mmmﬂﬁ‘:qnm"l‘ﬁ'lﬁﬁfwéhﬁiﬂuqﬂmnimﬁm‘iumgﬂmmlfﬁfa \aR

3) 1ﬁﬂauFjumimmﬂmﬁwumﬁwiﬂmnm LabVIEW waz DAQ card

nmRnssalszna
é’ﬁﬂumﬂmﬂuQmw'ﬁ‘nmﬁ’ﬂmmmuﬂ?um'ﬁ’m?ummﬁummﬁmﬁunuﬁﬁ’ﬂ (2550)

LanA15a 138

Didosyan, 3., 2003, Magneto-optical rotational speed sensor,

Sensors and Actuators A: Physical, 106(1-3): 168-171.
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The measurements of the ethanol , methanol, ammonia, carbondioxide,

hongtong gas response and application for gas switch device

ar ar o
5@, 5aTE WuSLusIOND

Thongchai Panmatarith

UnAnta

Taseilifiendessumauieafausmaniagsviundus SanismaLauasdefmeniuea
fimuea wanludly avfusuleesnlsdasmdnanaslrzgndldenuiuaindiuenlnge Tdaie
ieailodnuiunmadeuansiisznatdsedasia LP . n1da DAQ uazumlia
e Bnuaa

afifiarusmulwinddudeldufeinuea fa Bi,O,1Fe,0, , Sn0,+0.05Y,0,
Zn0+0.02Ti0, gnsfifianaumuliinsasadieldfufedniues #e Tio,+0.5v,0, , Zn0,
Zn0+Sn0, ansfilasnun Wi asulaanniigaideldfuuezbisuie fniues Ae
Bi,0,+Fe,0, afiianuinlunsreuauewem TN eaT R TN e A s TG
nunitiies Ae Bi,O,+Fe,0, , ZnO+8n0, , TIO,+0.5Y,0, , Sn0,+0.05Y,0; , Zn0+0.02TiO, usz ZnO
st lslunameuaussiafmEnuasiniian Ae Bi,0,+Fe,0,
fiiinueg

ansifianEeli R laRUf i e An SnO,+0.02TI0, ey Zn0+0.02Ti0,
ansiilanusumuininanasieldFLm s e fn B0, +Fe,0, , TIO,+0.5Y,0, . ZnO Uy
Zn0+5n0, msfiamuiumiwidsuslsannfgadeliuaslifufe fnues fs

TIO,+0.5Y,0, uax Zn0+snC, ashilanulilumnevansssieigidnuaalafissunainsianin

A larafinaf Faeanuanlutas Aa Ti0,+0.5Y,0, , ZnO+Sn0, , Bi,O+Fe,0, , ZnO+0.02Ti0, , ZnO

'
=

uaz Sn0,+0.02TI0, aiaruklummeLaueswafimussuniian fa Tio,+0 5Y,0, uas
Zn0+5n0,
fingwanlugly

gsimemaunnindsude 1 auen s fia zno+0.02Ti0, aafiiiAnadinu
Wihansafleldsufauentuiio Ae B0 +Fe,0, . TIO,+0.5Y,0, uds ZnO+Sn0,  @sRtiANNE NI
iwAeuulasnniigaidelduuahifofauentndn fe Tio,+0.5v,0, asfilanulalums
pauauasafiauen lniifiasmiaindanmanuladeiideainnntilon fe Ti0,+0.5v,0,
BL,O,+Fe,0, . ZnO+Sn0, uaz Zn0+0.02Ti0, ansnianalalumsnepauesrefguanudawniign

Ag TiO,+0.5Y,0,
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faafuaulasenlad

a9 ZnO+OAO2TiOQﬁﬂQﬁNﬁ’WUﬂ’Tul‘NﬁWLﬁuiuijﬂiﬁﬁ"uﬁ’]’nﬂﬁﬁ{‘lmu\lﬂﬂﬂr‘ll‘nﬁ'{ Al lunns
ravauadsernga fuoulneanlodunians ZnO+0.02TiO, Fivniiu 25 %
A ed

an3 Ti0,+0.5Y,0, Uaz ZnO+Sn0, fnafifipnuiuruinihensaiie AU mradies a9
TiO?+O‘5Y203ﬁﬂ”JWNﬁﬂuW?ulﬂﬁ’lLﬂﬁ?JuLL‘lJmuﬁnﬂd'] ZnO+8n0, deldfuilalifufansves ans
TiO,+0.5Y,0, 8 anwanulafefiauinnd) Zn0+snC, delasudialdsuimaimen
anfig

Ao uNT s guesifleresans zn0+0.021i0, ansnseiin b szgnofidii

atlnsalaindiauentde  nsiwihidugnsalsivdimesadaesedisiaiiou Greater 1013

WRsuenssinusedulianasaumsfunsiuildsaly  sanmsufeuiieuaazldasaunisina
= Cd = = o o o

1pshiad TrRnamvsiatuacivan mncIAy

frdndty - ifindineusuesseaiaiviues dnweas  wenlude  arfusuleeanlod

Amdinawenlnile  waldo

Abstract

This project involved sample preparation from starting materials in powder form. Ethanol ,
methanol, ammonia, carbondioxide, hongtong gas response were measured.  Ammonia gas swiich
device was applied. Instruments for sample testing were constructed and composed of LP connector,
DAQ Card and LabVIEW.
Ethanol gas

The samples which the resistances increased when received ethanol gas were Bi,O,+Fe, O,
S$n0,+0.05Y,0, and ZnO+0.02TiO,. The samples which the resistances decreased when received
ethanol gas were Ti0,+0.5Y,0, , ZnO and ZnO+5n0,.  The sample which it has the most change of
resistance when received and non-received ethancl gas was Bi,O,+Fe,0,. The sample that the
ethanol gas sensitivity varied from large to small were Bi,O,+Fe,0, , ZnO+8n0, TiO,+0.5Y,0,
$n0,+0.05Y,0, , ZnO+0.02TiO, and Zn0. The sample that the ethanol gas sensititvity was the most
vatue was Bi,0,+Fe,0,.
Methanol gas

The samples which the resistances increased when received methanol gas were
Sn0,+0.02TiO, and ZnO+0.02TiO,. The samples which the resistances decreased when received
methanol gas were Bi,0,+Fe,0, , TIO,+0.5Y,0, , ZnO and ZnO+3n0,. The sample which it has the

most change of resistance when received and non-received methanot gas was TiO,+0.5Y,0,. The

sample that the methanol gas sensitivity varied from large to small were TiO,+0.5Y,0, , ZnO+8n0, ,
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Bi,O,+Fe,0, , ZnO+0.02Ti0, , ZnC WAz Sn0,+0.02TiO,. The sample that the methana! gas sensititvity
was the most value was TiC,+0.56Y,0, and ZnO+3n0,,
Ammonia gas

The sampies which the resistances increased when received ammonia gas were
Zn0O+0.02TiC,. The samples which the resistances decreased when received ammonia gas were
Bi,0,+Fe,0, . TiC,+0.5Y,0, and ZnO+Sn0,. The sample which it has the most change of resistance
when received and non-received ammonia gas was TiO,+0.5Y,0,. The sample that the ammonia gas
sensitivity varied from large to smail value were Ti0,+0.5Y,0, , Bi,0,+Fe,0, , ZnO+5n0; and
Zn0+0.02TiO,. The sample that the ammonia gas sensititvity was the most value was TiO,+0.5Y,0,.
Carbondioxide gas

" The resistance of ZnO+0.02TiO, increased when receive carbondioxtde gas. The

carbondioxide gas sensitivity of ZnC+0.02TiO, was 25 %.
Hongtong gas

The resistances of TiO,+0.5Y,0, WAr Zn0+3n0, dcreased when received honglong gas.
The resistance of TiG,+0.5Y,0, was a value more than ZnC+8n0, when received hongtong gas.
The gas sensitivity of TiO,+0.5Y,0, was more than Zn0+SnG, when received hongtong gas.
(Gas switch

The ammonia dependence of resistannce of ZnO+0.02Ti0, can be used as ammonia gas
switch device. The operation of gas switch device will use Greater of virtual instrument and relation
between voltage drop across on the sample and setting voltage was compared. The result will use for
controlling the operation of relay, solid state relay and load, respectively.
Keyword : ethanol gas response ceramics , methanol gas response ceramics,

ammonia gas response ceramics, carbondioxide gas response ceramics,

hongtong gas response ceramics , gas switch device , LabVIEW

seamansvsd  dealjiAnsWAndiag matrRand purinenmgnf wwinadbaaaueiund wialme 43180

90112 Urznalye

Assoc. Prof., Materials Physics Laboralory, Department of Physics, Faculty of Science, Prince of Songkla University, Hat

Yai, 90112 Thailand. Corresponding e-mail ; tongchai.p@psu.ac.th
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288

vl (combustion cycle) ’Luqmﬂ’mnimn’mﬂﬁﬂugﬂwﬁmu (energy conversion industry) aanlmafs
n7an WA (semiconducting oxide) finnswaturan i i s laTuRT fnthadu
Ag,0, Fe,0,. Sn0,, TIO,, ZnO uax Zr0, Fedmfuansfiadarimiiagu (n-type semiconductor) aanles
watansnsoinan R Tafe sanlaffaeuauassiefmaseuauaAe e fe  Faiuniath
apnlaslivinwi R udadafaes e W uiignmgii 350 °C wqﬁnﬁmmmﬁmmmﬁqﬁqﬁ’r‘nﬁm
dwifinannisgaduaanmiauluidionms (neck region) %a@gﬂli:udmniu WafafannunainFyn

= |

aanlas (Tin oxide gas sensor)  fuuneaasing Sno, Rilanunsuinagfureszgiv (alimuna

£l

13 |
ar

wube) SnluinRinanmes i liResieuuILIeate (coiled heater) gﬂﬁmmﬂwﬂ'ﬂLﬁaﬁﬁ@mmﬁmm%u
SnO, ludad 300-400 °C Wedmfiarlalazaniueu (hydrocarbon gas sensor) LEu Fi na'aﬂl"nﬁ%mﬁu
(doped $n0,) Hlareairednuuuging SlRavnantmesA IR RTineu (porous PO 23RN
ladasnemus (autoexhaust sensor) nunaniasiadle (zr0,) Wdafnaaendian (oxygen sensor) M1an
AN (Bi,0,), 75(WO,); 56 C0,,Mg,0 (p-type conductor), TIO, (n-type conductor), Y, 71, O, o b FA(OR
daRmeeninuivnunar el (ZrO, oxygen sensor) (Moulsan, A.J. WAz Herbert, J.M., 1990)
unpnnsiiflunnlszanfldaneniindreusuesiofiie fm Snues Snues waalue

sfuaulpaonldiasmedves nnlszgndldiluginaniaindiing

Fanansoiuaziions

21.1 msdsrandldrasasiindnavauasian
Snwtpeilodmiunsadnnnindneuauasiafirimues fnes uealade

pfuaulsanlafLAz I BAne LabVIEW meé’egﬂﬁ' 21.1 @&¥14 Front Panel uay Block diagram

duFunranimmmindrauauasofoias LabVIEW I.Lﬁﬂdﬁﬂgﬂ'?'; 21.1.1,21.1.2,21.1.3, 21.1.4 Uaz

21.1.5 AHAIAL

R ldnsnas T Bnuea fnues wesludls arfueulssanlgduazuadves

aainaeaTida g ansmaLauasat T8 es A BiO,+Fe,0, . SnO,+0.05Y,0, . TIO,+0.5Y,0; .
Zn0, ZnO+SnO, WAz ZnO+0.02Ti0),

asfnateildaaamsnetauasrefineiivnuea An BiO,+Fe,0, , Sn0,+0.02Ti0, , TIO,+0.5Y,0, ,
Zn0 , ZnO+8n0Q, waz ZnO+0.02Ti0,

ansiatieildmaanisrauauessafinve uaaluily fe Bi,O,+Fe,0,, TIO,+0.5Y,0, . ZnO+Sn0,
WAz ZnO+0.02TiO,

asinatne liansantsmeusuasrefeanfueulaeenlad Aa Zn0+0.02Ti0,

anafatheildianBamsrauaussraiTuaes Aa TIO,+0.5Y,0, uay ZnO+Sn0,

ar A d. B ar ar Gy =l = < £ &
Fasunuivan (RL} plddwFunimeseiuimaN LA HNUea wanluiiy ﬁ'ﬁﬁ‘Uﬂulﬂ’B@ﬂl‘ﬁﬂLLﬁz

wanas Pa 10 k€Y, 1 MQ, 1 MO, 10 kK€ uaz 10 MOY ANuaTAL
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mMimasesBufuannslinszualiihanusssns i 5 V Trachuiaiuniuiuag (R) (1 R, Ala
FruvAMIFIUNIIBIEND) uszansihateRTla i R, usAulHAnAsaY R, uAz R +R, TiFN
V, WALV AMNAIAY uazazdlUf analog input 0 (AID) uaz analog input 1 (A1) T84 LP connactor
AHAIAL vV, uar v, azEn DAQ Card Wl lupenamad  DAQ Assistant asineulannisiu
waAulAfA v, AL v a0 LP connector Aaxdart DAQ card il lunanRuma da v, uaz v, WA
Amplitude and Level Measurements Lﬁlﬂllﬁnmﬂl,ﬂuﬁ’] Mean (DC) Split signal azUen V_ Uaz V 280
anifu eV, uaz v, 17 Divide e v =V, v, Ansnnszualwindlvaculusadasigns IL-VURL
nezualefn L=1 AMUOMUATTIFUNLIBIANTFNBENIANEgRST R=V/, UARIATINEIUN (R) Fnt
Numeric Indicator Wi{MRaINNIMILLaelvzunsusie Milisecond Muitiple  Stop 11 Numeric Control
FmihidaussTlan1aminae Whie Loop @u:muﬂ_umﬁﬁmwgﬂjﬁummmmmu Udenfinaiiaz

naaaadnly & Run TUsunsu iRauanans v resistance vs. time  &IWUW Front Panel kas Block

Diagram ping Printer
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220 V flazsdinfissaadouing (gas alarm)  dhansldiuiauaniuds  wasulWRRNdh Greater
avilAnuutas  mamsFaudienses Greater sxllanugulisizaaliiniudinivean nsmiuiy

Hanflumsiuwihfidugnsafadindmeassindnouaussiafhauenlude

220V
=, AlD LP Connector DAQ Card
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= =

$n0,+0.05Y,0, , Zn0+0.02Ti0, uaz ZnO  anshiianulaluntsmerauassafintanueanniige A

szo_;rFe?O3

A5 R 21.1.1(n) N19UAEA AT Tu IR LFTUR N () LasnainisFaLauas nasi A

AMuFun s LERRT () wasnansAumATwILA1manILes

Samples Resistance change Response time Resistance change Recovery time
(i) (s) 4] (s)
Bi,O,+Fe, O, 3.05-7.5 M2 20 7.50-3.75 18.0
Sn0,+0.05Y,0, | 6.1 - 8.7 M2 14 8.70 - 6.00 26.0
TiO,+0.5Y,0, 275 - ap mQD 29.17 90 - 300 17.5
Zn0 1.4455 -1.4335k() | 9 1.4335-1.44 21.0
ZnO+5n0, 15 - 4 MED 26.65 4,00 - 14.40 228
ZnO+0.02TiO, | 1.905-2.02 k{2 16 2.02-1.955 15.0

AENH 21.1.1(n) A s umuIeNastauuasuaeldii e (R, R) usvanmadnlaserin

(G) AmFufmaniues

Samples

1Bi,0,+Fe,0, 3.05
1SN0, +0.05Y,0, | 6.1 8.7 ‘ 0.43 43
{Ti0,+0.5Y,0, 275 90 - -0.67 67

Zn0 1.4455 1.4335 -0.01 1
| Zn0O+5n0, 15 4 - -0.73 -73
4 Zn0O+0.02Ti0, 1.905 2.02 0.06 B

2) gilnsniErsasingmsnlaauausssaimaiiniuea
nanisainsadanimlsingnisnireuauassiafinminiuassoy LabVIEW me\:ﬁqgﬂﬁl 21.1.2
TR 21.1.2(0) WAz 21.1.2() fleRansanmanedt 21.1.2(0) wuransiiieudnm i
dintudalasufinatinues Ae SN0, +0.02TIO, WA Zn0+0.02TI0, ArstiiAnNE L UIihanauile
Wufnaimuas fe 8,0,+Fe,0, , TIO,+0.5Y,0, . ZnO uAxZn0+Sn0, AsANATME ULl
wiRnuulasnniigadlelduwarbiufatinues Ao TiO,+0.5Y,0, 4At Zn0+Sn0, sndanallaly
Msnevauesefiaiinueatsisnsnnanaan e larefaiGuainaniutien fe Ti0,+0.5Y,0, ,
ZnO+5n0, , Bi,O,+Fe,0, , ZnO+0.02Ti0, , ZnO uaz Sn0,+0.02TiO, mi‘ﬁﬁm’mh'lum?Wﬂuﬂuﬂdﬁﬂ

frafinueauinfian fa Tio,+0.5Y,0, uas ZnO+Sn0,
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A57197 21.1.2(N) MaAsuaauiunau s lgiuine () uaziuaimrauaues nanduu

Aain Ll el F U ) waznainmepudaduiufaiinues

Samples Resistance change Response time Resistance change Recovery time
(i) (s) {f) (s)

Bi,0,+Fe O, 1.125-0925ME2 | & 0.925-1.15MQ2 3

SnQ,+0.02Ti0, | 21.2-21.24 k{2 5 21.24 -21.21 k2 15

Ti0,+0.5Y,0, | 250 -25 MQ) 23.14 25-250 MC2 28.27

ZnO 1.43-1.404 k§2 15 1.404 - 1.415 kQ2 15

ZnO+Sn0, 13.25-1.6 M2 17.5 1.6-12.5M() 30

ZnO+0.02TiO, | 1.94 - 2.035 k{2 12 2.035 - 1.965 k{2 20

AT NA 21.1.2(1) ANFUISIsTeuasuA iU (R | R) uazan wanulseing

(G) AsufnTinues

Methanol R R, G G (%)
B1,0, +Fe,0, 1125 0.925 0.178  1s
SnO,+0.02TiC, 21.2 2124 0.002 o 02 S
Zno 1.43 1404 0018 | -18
Zn0+5n0, 13.25 1.6 -0.879 —879
ZnO+0.02TiO, 1.94 2.035 0.049 4,;m o

3) adnsalardmlsingmsniravauassraiguaaluiie

wansnUnsniasalsingnisnineuaussreituenliifiofe LabVIEW wansdsgdii 21.1.3

FN9I9R 21.1.3(N) WATANTNA 21.1.3(1) HRANIARITIN 21.1.3(N) WLI1A TR AT HEWN 1 TWHA

wntudeldfufiuenlude Ae zno+0.02Ti0,  asfillaufinmuliihassafieldfufinauenluile

Af Bi,0,+Fe,0

273

TiO,+0.5Y,0, WAz Zn0+3n0,  asiiilpausiumylwindauulaswniigadls

Fuuazlifufiauanlubia #s Tio,+0.5v,0, arnilarulalunmsmrenaussiafimwennbedanansn

ndranweuladaingfideanunnilies fe Tio,+0.5Y,0, , Bi,O,+Fe,0, , ZnO+5n0, uAz

Zn0+0.02Ti0,  arsdarnllunmssreuausssafgueninilounnian e Ti0,+0.5Y,0,
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A5 21.1.3(0) nasidAsupnusinuu s AR () LazaInITARUANEY

maslasuagugnunulue s T lduA () wamaansAuRad iy

frpuanluile
Samples Resistance change Response time Resistance change Recovery time ]
(i} (s) M (s)
Bi,0,+Fe,0, 1 - 0.4 MQ 15 0.4-09MQ 15
Ti0,+0.5Y,0, | 150 - 25 M2 25 25 - 125 MQ2 25
ZnO+8n0, 7.9-3.4MC} 14 3.4-7 M0 14
Zn0O+0.02TiO, | 37 - 5.3x(2 3 53-35k(2 25

msedl 21.1.3(2) AnmsunuTesRsTauuazuaa i (R, R) wazanmaulosai

(G) AmFuisuan e

NH, R R 6 G 1
Bi, 05 +F 8,0, 1 0.4 -0.600 60.0
TO,H05%,0, | 150 25 0823 833
Zno+5n0, 7.9 34 -0.570 570 ;'
Zn0+0.02TI0, 37 53 0.432 32|

4) aunsoladsliingmsdeevauasraiamiveulaeanlad

ranraUnsndatiaUsingmisainavsuassa e fuaulaeenlaffion LabVIEW uanssagld

21.1.4 AWM 21.1.4(0) HaRANTIRITI97 21.1.4(N) WUIET ZnO+0.02Tio, HAarusinums iy

Wnaudialdiuimarsuaulaeanias  annlaluniseeuaussseiaanfusulseenlostesans

ZnO+0.02Ti0, AT 25 %

AN519R 21.1.4(n) nanlAaua nsuniwluaneRlaTuiag () wasnainsaataues nsuldeu

S 4’ I 2L Lt - o Q o 3
pNAun Ll I AU () wasansAusaduiuing

Asuaulaaanlas
Samples Resistance change Response time Resistance change Recovery time
(i) (s) {n (s)
44-55k0 10 55-514 k(2 18

Zn0+0.02TiO,
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5) fuUnsalanBmlsingnisnirevsuatraitnaines
nanrgiinsalangelmngnisnirauauassiafinauasnassion LabVIEW waassgihi 21.1.5

ANTNA 21.1.5(0) WAZANINA 21.7.5(1)  EaRAT0AR1T 21.1.5(n) wudnans TIO,+0.5Y,0, uay
Zn0+8n0, sivefiianuimuiiansaieliiufauaies  a12 Tio,+0.5Y,0, Aty
wWasuulasannds Zno+5n0, Waldfudalifufauadves deRanswmmei 21.1.5(1) as

Ti0,+0.5Y, 0 dismmarulasafeninnit Zno+Sn0, Waldfuielifufmmaimas

a - B i L @ .
ATV 21.1.5(N) maulasuanasiyuluensi Iasufne (i) LAZLISINTRBLAUAY

madAsupus w1 0 uasinanisAudiadiniy

NN A
Samples Resistance change {i) | Response time (s) | Resistance change {f) | Recovery time (s}
TiO,+0.5Y,0, { 290 - 80 MQD 225 80 - 225 M) 25
Zn0+$n0, [ 132-58MQ 275 58-12.5 ML) 27.5

ANTT 21.1.1(1) Anusiun e siauieeuas 85T (R | R) wazanwanwladefing

(G) AuFuiamadnag

Hongtong gas R, R, G G %)

TiO, +0.5Y,0, 290 80 -0.724 72.4

Zn0+5n0, 13.2 - 5.8 -0.561 f -56.1

6) Runsaladndintaasrsindravauassafiiauasiuils
uansusrgne Mg Unsoladnditmsarmindrauauasdeimuauiluiafine LabVIEW ugna

Faplil 2122 deudesusailiinnezuamss 5 v ialinscuawinluacuasfetig Zn0+0.02TiO,
sunszafiussFulimnasan winiu v uladernusadidlin v Sindhil Greater uaziauidiensni
Setting Voltage  tansufFanifisuaaamuaunisinnuredind Indasmviaduaziuas prus s
ﬂW?ﬁﬁd’]ul.l.‘l_l‘]_lﬁ’ﬂ:lﬂuﬂﬂﬁ‘ﬁ’mﬁ’lﬁlL‘ﬂuﬁlﬂﬂﬁ‘ﬂl—ﬂ?jmfﬁ’)‘ﬂ“ﬂﬂdL‘ﬂ?’]ﬁﬂﬁﬁlﬂuﬂuﬂdﬁiﬂﬁ’l’ﬂLL’E]NTEJLﬁEJ vnuEfians
sufintuenindls  anuduniuaesans (R} azanay wiadulianasaumsanas usasilafaan
asanluan R, (V) fefniulugae 3152 V- 3.4V wiifleasbiliuimeaiuds audumiupes
a7 (R) avfatn wdlihenaseaannfadu  usadlrianasaxinas R (V) #ifanaslutne 3.4V
-3.152V msnlAsuulaseausidiiinanasenian s AL A WER fauos T Sesssinly

WiansasuANmMIuediadiazTuae
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agduanisneaas

1) 817 Bi,0,+Fe,0, , Zn0+Sn0, , TiC,+0.5Y,0, , $n0,+0.05Y,0, , Zn0+0.02Ti0, LAY ZnO WAAINTS
pavauBIsaimEnILes

2) A17 TiO,+0.5Y,0, , Z2n0+3n0, , BL,O+Fe. O, , Zn0+0.027i0, , ZnO waz Sn0,+0.02Ti0, UasIN1Ts
AevauerafinmidnIuea

3) @19 TI0,+0.5Y,C, , BLO,+Fe,0, , Zn0+Sn0, Uy Zn0+0.02TIC, kamn sy atawassieriiruas il
4) ans ZnO+0.02Ti0, uasanspauauesaiafuaulasenlad

5) &13 TIO,+0.5Y,0, WAz ZnO+Sn0, WARINIFEUAUBIABATINENES

6) @19 Zn0+0.02Ti0, mmmﬁwﬁﬂﬁlﬂuqﬂmdﬂﬁm“ﬁﬁwﬁmauﬂuﬂm‘aﬁwLLﬂquLﬁﬂ

71 TPaauaumemeasaiavuafaalisunsy LabVIEW way DAG card

naAnssatlseniA
dinumanana T INg 1 AusatuETunfdmiumsatayaionfuniidy (2550)

LAN#IFA19DS
Buchanan Relva, C., 1991. Ceramic materials for electronics, second edition, Mercel Dekker Inc.,
New York.

Moulson, A.d. and Herbert, J.M., 1890. Electroceramics, Chapman & Hall, London.
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Humidity response measurement of ceramics

v a o 4
TA. G398 WUELNBIONE

Thongchai Panmatarith

unAnta

Tﬂﬁéq\nuﬁlﬁm%’mﬁunmm?auﬁ’@umsmnfi“ﬂ@L;T»aﬁuﬁl,ﬂum SamFvoaasindinauaues
sl 3 grsdaefu A NIO+0.5Cr,0, . ZnO+0.01BL,0, uAY ZnO+0.02TO, Tasaedasile
dwiunmmagauansiillsznaugaedasia LP  nfa DAQ uazuatir  asiiflamidinunmuiindudia 1
AraA 1 Zn0+0.02TiO, msFfam i Lanaaie IR AL TR NIO+0.1Cr,0, uRs
ZnQ+0.01BL,0, sl lumsseLausdseATIAL R sinanAaneslosia fa7 Fe
arnunluties fie Zn0+0.02TIO, , NIO+0.5Cr,0, ua Zn0+0.018,0, arsiiianlalunsrevuauase
ANALINTRA Aa Zn0+0.02TI0,

o o a g : X
AVATAL . TENAVAaLANEseANTY  watis

Abstract

This project involved sampie preparation from starting materials in powder form. The property
of humidity response ceramics was measured, Instruments for sample testing were constructed and
composed of LP connector, DAQ Card and LabVIEW. The properties of humidity response ceramics
(NiO+0.5Cr. 0, , Zn0+0.01Bi,0, uaz ZnO+0.02TiOE) were measured. The samples which the
resistances increased when received humidity were ZnO+0.02TiO,. The samples which the
resistances decreased when received humidity were NiO+0.1Cr,0, and ZnO+0.01Bi,O,. The sample
which it has the most change of resistance when received and non-received humidity was
Bi,0,+Fe,0,. The sample that the humidity sensitivity varied from large to small were Zn0O+0.02Ti0O, ,
NiO+0.5Cr,0, uax ZnO+0.01Bi,0,. The sampie that the humidity sensititviy was the most value was
ZnO+0.02Ti0,,.

Keyword ; humidity response ceramics , LabVIEW

raananan]  AealfiRmiindiag natnidnd ansineimnand wuvivenduacsuaiuni ualug) asuan

90112 UszinAlng

Assoc. Prof.. Materials Physics Laboratory, Department of Physics, Facuity of Science, Prince of Songkla University, Hat

Yai, 90112 Thailand. Corresponding e-mail ; tongchai.p@psu.ac.th
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J o
\auniy
. : LY - e 4 o
FappavauawonnduliniieTananuiy (humidity senser)  WinAnauianeucileai
o . y .
uneaedanfufouinsnmi Ui e lumasdunnussene. Jagitlivinazillasesine

Wugiweu Fumsifignmpisindngumgiiildife IEdamnuuasgadeaz Ifiasdndidm

% ] il

(porous ceramics) MUNIZANAMIUNNTIAATINAN B elaneLUANSIHE ATINT U MgFe,O,
Fagildvinmindaanudulsznausg ALO, uax TiO,-MgCr,0, et eenliniansaniuuaida iy

stannsiven 0.25 mm Tag1¥A1064 10,000 vaussanisieils wdnwigomnil 1350 °C ilunaivans

FalnafazlFmgidnumsiumef (sintered body) Taflgwgu 35 % (MgTiC,) e lwihldvinuatn RuO,

=

TatldiaResduiunistia (Moulson, A.J. WAz Herbert, J.M., 1990

ke

unaruiliflunalszgnd lfesgUnsnineusuasraninnTu

FasaUnsaluaziinis

m Lﬂ?‘ﬂqﬁfaﬁw?umﬁmLﬂ?ﬂuaﬂn?QIMﬂuﬂuﬂasiﬂ AT AuSa LabVIEW meqﬁqgﬂ‘ﬁ' 22.1
3149 Front Panel uax Block diagram @ mivdnisienal nsninpLALEIHBAI T AL LabVIEW uans
faqUil 222 @rssataRldmaans fia NiO+0.5Cr,0, . ZnO+0.01Bi,0, kAT ZNO+0.02Ti0, Nsxus il
anuuaade Wi 5 v luad s mniives (R) 10 KC) wazanTFREneTiE A NE NI Rs
usadulWRamnAsen R, uaz R +R | HA1 V, uas vV, snuddy wazazd 1L analog input 0 (AI0) usz
analog input 1 (A1) 983 LP connector AMNAIAL  V, uas V, Azt DAQ Card Wl luprau@nmaf
DAQ Assistant Az119lneN35uusadulifin v 1es V|, 370 LP connector avadinu DAQ card Wil
ARLAIRET &4V uazV 107 Amplitude and Level Measurements it linanenilusin Mean (DC)
Split signal Azutn V, uaz V., 88nant 84V, uaz vV, WA Divide dlaun v =V, -V, Amusn
nszualifiniluatiuiuanieans | =v/R nazualwdin | -1 AuananuinLniueaasiinenfoe
45 R=V,/l, WARIAIHNATUNIU (R) #28l Numeric Indicator  #aana nisinenuaeslUsunsusae
Millisecond Muitiple Stop it Numeric Control Frui T ALATIe NTe While Loop AzAILAN
nf}sﬁqmu%ﬂﬁ’ummiﬂmnm nlneAuuranannilaensini ldlumaudifeusisueou
avlumieloebinaztdn & Run Isunsu udelirosduuians  euanans v resistance vs time &

= 4

WA Front Panel Wax Block Diagram #9% Printer

+5V
LP Connector DAQ Card Computer Printer
RL Al .
AlO
Rs < Al Gnd
Hu

- o A A o o o - - , A
E“L]'V] 221 ﬂ'ﬁ‘"ﬂﬂLﬂ?ﬂQNﬂﬁquﬁ‘Uﬂﬁlﬁ'qﬂLﬁ]TEIN’E}‘lJnﬁ'mmﬂu@u‘ﬂﬂﬂﬂﬂ’lqusﬂu@’lﬂ LabVIEW
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MIT9N 22,1 nsnLAsudtAaEiumIuesans NiO+0.1Cr,0, , Zn0+0.01Bi,0,

WAz ZnO+0.02Ti0, luansildifuacnmu

Samples Resistance change
NiO+0.5Cr,0, 126.25 - 123.55 k{2
Zn0+0.01Bi,0, 4.135 - 4.095 k€2
ZrO+0.02TiC, 532 k) - 575 k(D

AN997 22.2 AFuIRIsIatsiauuasudT AR LA (R | R) uazanmwA N iRaAINTy (G)

Awiuenay
Humidity ceramics. R, R, G G (%0)
l\ﬂlrirO+D,5Cr203 126.25 123.55 -0.02 :2 N
-_;n-o-i-U.UTBiEOE, 4.135 4.085 001 | 1
ZnO+0.02TiO, | 5.32 5.75 0.08 8
AgduanIsnaans

TaraamiliPeadaaiuaniBddi@nd i tngnisainisreususssasrniu. Tdauaunis

naapaaunamalllsungy LabVIEW Laz DAQ card

neAnssulsznA
it uraraumnuuIngdusa A iAviumsaiiaguii s funwidy (2550)

LANSE1ITAN9 9
Buchanan Reiva, C., 1991. Ceramic materiais for electronics, second edition, Mercel Dekker Inc.,
New York.

Moulson, A.J. and Herbert, J.M., 1990. Electroceramics, Chapman & Hail, London.
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v 9 9 - & B o [ s as
23. nsnauansazatglianuseaulaeldigsandiaunTidunan
[ s s = o 19 [ a o G o
unan msiualdivininaneaaunisnuaisazatglianasaulagliias findiaun
Husadm
wefiiames fe ssunuiie i unnuddounadusneiguegiin doull waiflanad
& o , 9 . . T o = - Py
Wudrdwnudlareaana¥au (thermally sensitive resistor, TSR)  inafiiamad 3 2 dszinm Ag wouiiil
AutlrzAnsgnuunfifuuan (positive temperature coefficient, PTC) uazuuuiidsnlsz@nianimniiuay
(negative temperature coefficient, NTC)  waifliama fuunduiidianumun uanasluansfignoni
L ox : < - . N _ »
mmmm:mﬁuﬁaf:amﬁfqmmm@~3mmmumuw WA (negative temperature coefficient of
resistance, NTCR) 49 aniwsinunuluin (p) Tuiugouugildeannns (Moulson way Herbert, 1290)
P(T) = Py exp(B/T) (2.1)
o p(r) ifhusnwinmiigunilen pe duiadliduiugumndl uas 8 dudradiidelan
FAgndiaaiumacnui Whlive Wadnsrewmianszualiin deviinamayiuiaassunis (2.1) Wi T
s 1iA o Tatlusn NTCR
1Y d -B
a=|—|2£|== (2.2)
p ANdTl T
woAnssn A EUL-grUUGR (resistance-temperature behavior) Wendiasiudaunauyanadl
(chemical composition) TAsaa¥1enAD (crystal structure) nazlATIAF LI UNAIY (energy band
structure)  anwiinindaaansifeadestudidnasanuazlasauuin-laasuauvasezsay uaziiandas
eI O UNANILIRIES SIC AeulpaaAansfeunudidnasauainunusiawt (valence band}
Tdaununistin (conduction band) FradagarasAmiLimaiiamaiuuu NTC Taun (NiMn),0,,
(NiMnCo),0, W&z Mn,_Co, O, (Buchanan, 1991}
=Y a [ aa o a o Y =y -1 ddlﬁ‘
weshamafuuuisuiaunsmihhlssandvnithainiagnaniluiunduidn g luaney

o ar =

Timsian (microwave oven NTC temperature probe) WdRguuiil (temperature sensor) pasrvAaLEY
lusneus (automotive cooling water) WaAaUANANMII (temperature contral sensor) Wadanisluaued
AsFeL (heat flow sensor) WadansueiFed (radiation sensor) WadngeuniInTA (vacuum gauge) #27In
AL (pressure gauge) WASRITAL0989UMAY (liquid level sensor) HATRNTIALTGOMN
(temperature control sensor) ﬁwi"umuquLﬁﬂ'LﬁLﬁmﬂfmuLﬂﬁmmmmmw’Lum’%‘:ﬂﬁquiﬁﬂﬁT.mﬂm:;‘
SR NN F U U DA AW A BIAR ATaN {beam-focusing coif) 1umm:ﬁqmmﬁ
i ndnd it i lunuieansaauunan (telecommunication) iniueiinsniaan it (aerospace
device) uazgunsnilaslaiatia (cryogenic device) siadndmiLdimsiziding uazlasinInng WK (gas
analysis sensor) waswrind miuasmadagunivienisuwne (sensor for medical temperature
monitoring) (Buchanan,1991)

M.L. Martinez Sarrion (1995) l1#Lm3aa Fe, xMny . Nig .0, Fadunafiamesuuu NTC a1

amsilaglunguiaslssl Srammiinmulwiidiuagusinge) Ansualiosnmmnaliih (electrical
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stabifity) TannisdanmsulsApusunmiuna  Sifesouasizneusinuaunmmaiu v,0,-
Mn,0,-Cr,0, nnasiiduii® (NTC test) Inunisinaniu Frumuiituiugnagdl - Ao
frsuniiviasdiiuaiefaaloy anssp A s un s induunduifussannsn
ﬂszanﬁlﬁaﬁuﬁaﬁmmummﬁnmmuL’Suﬁiqmmﬁ@ﬂuﬂmgmunﬁ’nmu‘%nmﬁmﬁimuq e 1000 °C
(David Houivet, 2004} Sangsoo Noh Mlsisildiun NIO Saammsuymuiiauiugmmanii (p vs T)
FodurlssAnagnumpfizetengmiu (TCR) dugas TCR = (ARR)AT Saallusnmaadaaiy
FNuUNTUEILNY {long-term resistance stability) SrviniatilFuiurdansiva (flow sensor)
{Sangsoo Noh, 2006)

Fusiuannisvinaudtlaeiaanuansazangldannsawdansfmauandluga 1.7.9.1

+— DC Motor

Stirrer

/

Oven

+— Beaker

917 23.1 wanaaTaInouat Azt lfRFRENTAY

nimaseARninTIanuULFEsIMumsazat A miaulanmsaIAgHnIainause
Tﬂummuﬂﬂﬁqﬁdgﬂﬁ 232 fndudumauniseenuuuazinmeneanaiiEal
1) AasasuszideulisunayinnsflalWdndmannieu
2) Feanuandeublsunslifagnmpiinasinluinnes

3) dansasuasidoullsunsulfaruaunisuansemefide i dnauiinsugu
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'
=

o =l i a d; i, ui s =l o
3) uanavasasuasdenlsunsuidnauannsuyueasame ke 1N nauiinnsuyuus aedsn 9
23.4 wa Aaunuinauinmsepuilenauiuredanausedu s adliiuoeas
szuUNsifenRepaNRaReslE DAQ Card wazilsunsy LabViIEW RAlFRARTUNALAIN50
W lunsnauansazais Wianufeulng e indduifituindaldmumeasdundail  n1sdnnaas
vazideulUsunsnliinisds WA A sSau AsdlavnandlaWidmnansien  TadayilZasa
z . . "X ve v = cn . o
Ay ngdnssuadauilsunsiins uupilreshing Miiadnduid Asmeflamafuuy NTC Tuln
-8 o = i I'd ﬂl k7 :I' |73 =1
wef  nsdmasuasidisullsunsuliauaunisuyuassaamefife liunuildnouiinsmu nanou
ansaransliraniaulsg 1 mrindituid i sz U 1 lunn v aaa 9 f BN 1T NAN TR UAI TR

] 8 L = i
A nfaniudaguunillsae
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ARUN 2
o, 2 a & a A 9 = =
anEansUszene i aaIdaninsetsindlagdinnsas19Rsaeie

al a o
NAIUANNITINAIE Visual Basic

[ = & =, o
nsdszensldaurasdianinsdsiing

ar ar P d
SA. B8 NUBLNEIGND

annimnd dunfies A3nsol AInaN gn guEim

=2 o o = a ar o

inms Fqu alvann Tovd q97% gnEna

“soernansanet dnAnsWand dalfuRnsiandiag n1eieWAnd ancinenanand

unAvednassuaTund walun asan 90112 Uszmalve

at ¥
UNARE®
Ipssnuflifeaderiunsefanfauasamindiahandanseuiduee Tnands 3Hwland
usrldunmadszgnaldanians  Iabasisadiadwiunimmesauanshdsznaudan ADCO809, nin
ET-PCDIO, Min ET-PCIB255V3 kax dwaaiu@n  Jagdaningiamindilédumsdne 1iun imedindiin
T s dnddudd  eiindwafluddnedn  wdndliaoFau wmindWnd ind
waflsBianain wniindiralefidnein  weiindaflsuuniuin  @mdndaBuunudn wsiing
= L T o - = a o = = = = = o = = = =
LUNEFEFaunud  lmrRndunniindidnsan  weinduuniinfufwug  winduuniindanadin
- - -y . o =) » J @ o -
wAndidwas  windnisreudusIRafTLAsITRNdFeUAUeF AR Ny TRaAs
RN Aun T
FaFun IR ATLINe AN THun a1s ZnSp,0, HArnusunu 560 k(2 Anarusun
aa<4a iAW kY A ustuweedt AR AsuuU RN AT LA ALAT BTN YN TN
Py 2 - - ad = w S
Ne1e9ans  Arndunuraeasilirsniddnsudasrrnguanifauasaaioznimnisannfauiinnes
a7 asfdnwusihuasmindiot dafuniudaniedy 1 MQ awnsatilihlszgnindlugtingad
AL ANSEALTEITBIUNAT

IS EnAEung (1)

' 4
Il 1Y

@17 SnO, + 0.01Dy, 0, Whurriinduuuduidiianusunuasas i neiguupilisy
Al sz@nsgunniiresanusiumuiidiuay (Q) vasansiauands Tnaandedayaannisinilen
-8.72 % C msiifiAnannusinuniu 52 k Q uamsstHduiT  IBianmessawuinansiinnulinny
ar  ar oo ;‘; o 2/ d‘ oo & & a da
vadnanuuiild  anstiansouifidugdnsniingumnilaeeduaavasdsngnisoliduiduay
AUNTANHANAUST T = -1.3524V° — 10.528V+100.03 HAFQUALNARDUTTULAILANS LU IITa 1LFaL
R Tneld LM3as iflwindagnumpfiussisandniduiusunsumsuanilunadnda sruuiliaineduiiag

tlFdwmFunmeanuiang lwFedulutay 2