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11. PTC effect of holmium oxide-copper holmium oxide ceramics

before and after poling. (2545)
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Fabrication of the SnO,+Fe,0; , CoFe; O, and Zn0+0.1Ag,;0 materials and their application
for temperature control , rotation sense and Hall effect test
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Abstract
This paper examines the fabrication and some
application of selected oxide materials in computer interfaced
measurement devices. The (Sn0,+Fe,(,) material could be used
for temperature measurement and control at 24-200°C. The
CoFe; 0, was magnetically induced with a self constructed
magnetic field generator to produce a magnet which could be use
as a rotation sensor. The magnetic tield of a commercial
permaneni magnet measured by the self constructed apparatus was
found to be 8.66x107° Wbh/m". The Hall eftect in (ZnO+0.1Ag,0)
material was examined. The measured Hall voltage (Vi) is about
3.31x107 V | the calculated electric carrier concentration is about
2.8*10"7 clectrons/m’ and Hall coeflicient (Ry) is about 21.62.
In each case fabricated ceramics have been characterized by phase
anaiysis using XRD.
Key word : temperature sensor , rotation sensor, Hall effect
1. Introduction
In recent years progress has been in the field of physical
sensors. (Sn0,+Fe,0;) material behaves as a negative
temperature coeflicient (NTC) thermistor enabling its use for
temperature measurement sensor (1-5). CoFe,0O4isa
ferromagnetic material which can be used as permanent magnet
and rotation sensor (6,7). The combination of (ZnO+0.1Ag,0) is
a varistor which can be used as electrical carricr with Hall effect.
The aim of this study was 10 prepare samples of each of these
oxide materials by stendard ceramic pressing technigues and to
examine the application of :
: NTC effect in (SnO;+Fe¢,0,) in temperature control
: CoFe,0, as a magnetic material for rotation sensor
: The Hall effect (Zn0+0.1Ag;0)
2. Expetrimental procedures
2.1 Sample fabrication, phase identication and electroding for
Sn0;+Fe 04, CoFeyO and ZrO+0.1Ag,0
Mixtures of (SnOs+Fe.0,) , (CoO+Fe,(;) and
(Zn0O+0.1 Ag,0O) were weighed. Each powder mixture was mixed
with polyvinyl alcohol (PY A) and distilled water as a binder and
was then mechanically pressed into smalt discs.  Samples were
fired at 1100 °C for 1 b with a heating rate of 5 °C/min in air.
Afler complete firing, the furnace (HEYTECH 25P) was closed
and the sampie removed from fumace afler cooling to room
temperaturc. Phase identification of the ceramics was carried out
by X-ray powder diffraction (XRD), using a Philips PW3710
diffractometer with Cu Kat radiation. The size of each sample
disc was measured with a micrometer. Before use in measurement,
the samples were clectrodes with fired-on silver paste (120 °C for
10 min) to produce ohmic contact.
22 Application of Ss0,+Fe, 04 for tempersture
measurement and control
Resistance-temperature (R-T) characteristics of the
sample was measured with multimeter (Fluke45), temperature
apparatus (Union 305) and K-type thermocouple. The
temperature measurement and control system designed and
constructed for this experiment is shown in Fig.1. The system is
a closed-loop control and composed of the prepared
(8n0O;+Fe,0;)sample the interfacing circuit, ET-PC8255 Card
and computer for mutomiatic data acquisition and analysis ovcr the
temperature range 25 °C to 100 °C. The prepared (SnO;+Fe,0;)
sample in series with a resistor was used as the temperature
sensor. This sysiem was operated using Turbo Pascal Program
for controlling the output data via port A and input data via port B.

The sample was lested for temperature measurement by
calibration with commercial temperature apparatus. The data
acquisition systern recorded the temperature measured with
commercial apparatus and the voltage drop across the resistor as
the sample temperature. The equation for the temperature versus
voliage relation was determined. Computer reads and displays
the temperature by using this equation. For temperature control,
the low voltage (6V) relay switch was opened and closed and solid
state relay will on-ofT control the electrical power applying to the
electric 1urnace for temperature from 25 10 200 °C.  This system
can control the temperature at a constant value at a setting
temperature.
2.3 Application of CoFe,0, for rotation senser

The high magnetic ticld generator was designed and
constructed in this laboratory for magnetization of the prepared
sampie. The used coil voltage was 53 V at coil current 4 A. The
samplc became permanent magnet after performing magnetic
induction. Details of the experimental setup for microcomputer-
based rotation measurement using 1/O interface is shown in Fig. 2.
The movement of the CoFe,0, magnet through the relay coil
causes the electrical voltage according 10 Faraday law. This
voltage was amplified with Op amp and sent to ADC 0809 for
analog to digital conversion, 74LS244 for buffering, ET-PC8255
Card and computer. After writing the operating program, rotation
radius (r) was mcasured and the rotatjon frequency vs electric
voltage refation (f vs AV) was measured for calibration. Then,
the f=fh{AY) was included in the program. When the computer
Wwas run, it can measure and display the rotation frequency. Asa
result, angutar frequency (w) and linear velocity (v) were
calculated and displayed on the TV monitor screen.
2.4 Electrical carrier measurement of Zn0+0.1Ag,0

The experimental interfacing circuit for magnetic field

measurement was designed and constructed as in Fig. 2. Farzday
law was used for magnetic ficld measurement of commercial
permanent magnet from the equation, B=V¢/L(2nfr). The radius
of relay coil (r), the length of the relay coil wire (L), refay coil
resistance (R), rotation frequency (f) and self induced
clectromotive force (Vi) were measured.  This magnetic ficld (B)
was calculated and displayed by computer. This magnetic bar
can be used to study the Hall effect. Hall-¢ffect principle says
that when & magnet is placed perpendicular 10 one face of a
current-carrying conductor, a voltage will appear at the opposite
sides of the conductor. The generated voltage is proportional to
the current flowing through the conductor and the flux density of
the magnetic ficld. The Hall effect experiment was performed
with a d.c. power supply, multimeter (Fluke 45 and Fluke 87) and
self constructed electromagnet as shown in Fig 3. The clectric
curmrent (1) through the (Zn0+0.1Ag,0) sample was measured, the
magnetic field direction was perpendicular to this current. The
Hall voltage (V) were measured. Hall cocfTicient (Ry) and the
clectrical carrier concentration (n) were then calculated using the
equation, Ry = tVy/1,Bz and n = B /etVy
3. Resnits
3.1 Sample fabrication, phase identication and electroding for
Sn0;+Fe,0, , CoFe,0, and ZnO0+0.1Ag;0 results

The three samples were hard and brittle. (SnQ;+Fe;0;),
CoFe, 0, and {(ZnO+0.1Ag,0) were coloured brown, black and
white-yellow, respectively. The XRD pattems of the starting
materials (SnO,+Fe,04) showed SnQ, and Fe, O phases. This
sampie was two phase. The XRD patterns of the starting



materials (CoO+Fe,03) showed CoFe,0, phase. This sample was
single phase. The XRD patterns of the starting materials
(ZnO+0.1Ag;0) showed ZnO and Ag phases. This sample was
two phase.

3.2 Application of Sn0,+Fe; 0, for temperature measurement
and control result

The resistance of the sample decreases as temperature
increases. The comparison between truc temperature { Ttrue) and
measured temperature (Tmeasure) over the temperature range 25
°C to 100 °C was recorded.  The (SnQ;+Fe;0;) prepared sample
can uscd as temperature sensor over the temperature range 25 °C
to 100 °C with computer display of results. The difference
between true temperature from commercial apparatus and
measured temperature from the results trial temperature sensor
was about 6%. Example for temperature control in this
experiment such as when the setting temperature was 180°C,
computer can control and display temperature of the oven at
176.6 °C. The result is the Jow-cost microcomputer oven
controller. So, this sample can be used as temperature
measurement and control in research laboratory.

3.3 Application of CoFe;0, for rotation sensor result

This self constructed high magnetic field can induce this
CoFe,0, sample for making the magnet. Application of magnetic
field increases the magnetization of the sample. The measured
rotation radius (£) =0.016 m. The relation between rotation
frequency and electric voiltage (f vs AV) from computer
corresponds to T= 1.2601{AVXAV)*+9.721(AV). The example
that was measured with computer such as, linear frequency (f}
= 49.64 Hz, angular frequency (w) =2nf= 312.03 rad/s and linear
velocity (v) =wr =499 m/s
3.4 Electrical carrier measurement of Zn0+0.1Ag,0 result

The measured magnetic ficld (B) of this commercial
permanent magnet was about 8.66x10* Wb/m*. Electric carrier
(n) of (Zn0O+0.1Ag;0) was about 2.8x10'? /m® and Hall
coeflicient (Ry) was about 21.62.

4. Discussion and conclusion

The (Sn0;+Fe;0,) , CoFe,0, and (Zn0+0.1Ag,0})
samples were fabricated using a standard ceramic technique, heat
of firing causes the diffusion of the atom forming the sample
phase. PVA was loss during firing. The samples sizes were
decreased after firing because of water and humidity losses from
heat.

The (Sn0,+Fe,04) sample responded to change in
temperature and exhibits the NTC effect.  The electrical
conductivity of this sample increases with increasing temperature.
The NTC effect is believed to be associated with the energy band
structure. When the sample was heated, valence clectron was
removed to conduction band. The electric current from electron-
hole pairs cause the decreasing of the resistance. The
(SnOy+Fe,0;) is sensitive to temperature.  The resistance-
temperature characteristics were investigated to study the
application for temperature sensors.  The self constructed

computer interfacing ‘s temperature measurement and control

apparatus is Jow cost and suitable for laboratory scale work in

temperature ficld.

The CoFe;0, sample behaves as a ferromagnetic
material because it had remanent magnetization after induction
with high magnetic field. The magnetic propertics of the samples
are related to the magnetic moment orientation at the unit cell.
This magnet is similar to BaFe ;0,5 (6} and SrFe ;0,9 (7). This
prepared ceramic magnet can be used as permanent magnet for
physics student and other persons. The effect of magnetic bar
rotation on the electricity generation which was observed can be
used as rotation sensor. This is low cost rotation sensor for
measuring lincar frequency. angular frequency and linear velocity.
The rotational speed of the ceramic rotor can be used as an
indication of fluid flow rate in the future.

The (Zn0+0.1 Ag.0) sample is varistor and
semiconducting ceramics.  The magnetic fields are distributed
spatially around magnetic bar as lines of forces. The self
constructed magnetic field measurement system that detects the
strength of magnetic ficlds is used in Hall effect test and is an
inexpensive apparatus.  The Hall effect was studied successfully
in (ZnO+0.1Ag;0) sample because the carrier of sample can casy
moving.

Acknowledgement

We gratefully acknowledge from Prince of Songkla
University (PSU) and The National Research Council of Thailand
(nret} for financial supporting this research work.

References

1. Adalbent Feltz. Spinci forming ceramics of the system
FeNi,Mn, , /O, for high temperature NTC thermistor
applications, al of Eur i Soci
2000, 2353-2366.

2. Lawton, K.M. A high-stability air temperature control
system, Precision Engineering., 24, 2000, 74-182.

3. Jansak, L. Capacitance tempetature sensor for the liquid
nitrogen region, Cryvogenics., 41, 2001, 607-608.

4. Reznikov, Y. A. Programmable temperature control in an
ciectric furnace for laboratory coking based on a
microprocessor controller, Fucl and Energy Abstracts., 38,
1997, 219,

5. Kaliyvgavaraden, S. Microcontroller-based programmable
temperature controller, IECON Preceedings (industrial
Electronics Conference)., 1, 1997, 155-158.

6. puiar, RC, Novel aqueous sol-gel preparation and
characterization of barium M ferrite, BaFe, ;0,4 fibres,

J Malter, Sci., 32, 1997, 349-352 365-368.

7. Elwin, G. Scif propagating high-temperature synthesis of

SrFe;;0)¢ from reactions of strontium superoxide,

iron metal and iron oxide powders, J. Mater, Sci. Leit., 16,
1997, 1237-1239.



1Sn0O:+Fe-0,) as temperature sensor.

5v
Furnace
* ADC R T4LS .| ET-PC Computer
Sample | 0809 244 8255
/ card
Resistor 555
b Solid state relay Relay drive circuit

4
Fig. | Block diagram of experimental apparatus for temperature measurement and control using

ET
Rclay Op Amp | Op Amp 11 Diode ADC 74L5 PC Computer
080 244
8255
card
Ceramic magnet
555 {
3 N
DC Motor .
HF Oscitloscope
Fig. 2 Block diagram of computer interfacing for rotational test.
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Fig. 3 Experimcntal sctup for Hall effect.

Program Rotation_Semsor_With-CoFe204_Magnet;
uses cr,
var i, DV : integer;
AV, T :real;
const PA = $0304;
Pcontrol = $0307;
begin
cirscr;
goloxy(25,2); writeln('ROTATION TEST’);
Boloxy(25,3); writeln{ $EEHIHEHRHNEEE Y,
gotoxy(30,8); writeln{* “Thongchai Panmatarith” *;
port[Pcontrot]):=$90;
r:=0.016;
for I:=1 to 9999 do
begin
DV:=port[PA};

gotoxy(27,12); writeln{*Digital Voltage (DV) = * DV:3);
AV:=(5/255)*DV;

gotoxy(25,14); writeln(* Analog Voltage = *,AV:3:2, ‘'V");
f=1.5447*AV.1.6855,

gotoxy(23,20); writeln(*linear frequency (f) = *,£:3:2);
gotoxy(54,20); writeln(*Hz’);

6=2*n*f;

potoxy(23,20); writein(‘angular frequency (@) = *,:3:2);
gotoxy(54,20); writeln(*rad/s");

otr;

gotoxy(23,20); writeln('lincar velocity {v) = *,v:3:2);
gotoxy(54,20); wnteln(‘mls )3

delxy(400);

ond;
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meAmrmAdeTiAtesuime Dawmafut NTC WViiuneAnmiaeniridongumine Aol

Sotiman (1993) lutlzzinAdili Bvnmasifmnsmatieanndaunsu NiO , Mn,0, uag Co,0, Wi |
m:ﬁqaﬂmﬁnfﬁqmuﬂﬁuummﬁamfm NTC ua:f‘a'an'ﬂmmﬁ"mmmmmﬁ;qnmqﬁahﬂLﬁmmnna
L LR T m:ﬁ'aati'\mnmﬁm"iuu'iﬁﬂ:ﬁﬁ'\muﬁﬂum‘lﬂﬁmnmimmz"flqruuqﬁgq%u

Martinez Sarrion (1995) uraimmsialu Wi Fe, Mn,_ Ni . O, JaflumeTismaiuuy NTC a2
@mﬁafj’lunfimﬂaﬂ:ﬁ (fervites) "J'nﬁnmﬁ'ﬂumu'lﬁmndquumﬁwq wuin manmFunuiihasiidia
Sulusneshnomes N Ry wazimaiznmelsih (electrical stabiiity) saesvinegnTsemsinmnuls
Arpaamuinoe (ARAD  asinngitliinmesmiblivinlafimususaznmmeiniessnssesng
LiAsuu/Rruwisusavimieidhstosnrmiig

Adallbert Feltz (2000) ulszinspenisiisliufmmminethesiia Fo NiMn, ,_O, $eilanismnimifiumes

Yoy
Nmmniuun NTC minﬁmﬁﬁmlﬁﬂﬂﬁuﬁuqnmﬁ uaUrInginasiatvnurninn et
Aol .

Chanel (2000) Wtlszimmelfsian WisFenmns M., Ni, Zn O, Taeft 0 < x < 1.02 AeAnesanimies
wailinumeiuuy NTC fwinlryndilugrewnesy

Dipika Saha (2002) Lwlrzimnuie Wisfimmmgnr (Mn, Fe, ),0. , (Mn, Fe,,,),0, uaz
(Mn, o Fe, ,),0, Innl¥i5%umen-luinmm 198 (citrate-nitrate gel method) uaimmarsdimylnfiteesant 3

977 Heunngienager (Mn,  Fe,,),0, wnsinaismizgniithaneTmmefuuy NTC  ilasnnivissns
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#4617 (Mn, ,,FE,,6),0, ﬁmwmﬁﬂmnﬁqmﬁmﬁmﬁlm’gm (Mn, Fe, ,.),0, uez (Mn_Fe, ),0, ndnpe
Mn,O, Lifismesaneinii Mn.O, uivanthumsurfiunes Pynagil 1,500 °C LAZMIAATEIMIISIIMY
Iumm:#nqmqﬁnﬂwiﬂiwﬁjmmmﬁ {Mn, , Fe, .),0,} HiAnlndRmiansietd iluluntamedia uazen
Fatimala (sensitivity index ,[3) T 6,000 K Tutngamiii 50-150 °C

Gutierrez (2002) lurlzzinmsiths Wisfonms YNiMn,_ O, wusnansussngiinsnitansiintiiinuesi
an iUl isasciurnsignmgiigitu Seurrmibhhlegndliidume Mame furn NTCI

sinmrmnaenamuiimAsafmiumeRasefun NTC Autien  F3tlnanesulienljiR
nITRANGTaR MAATTANS vinenfuseemuium wudnms M Ni Fe, O, Timulidsmmausunie
frumniinan FehAmilafarAmnmaiddRndussmnlsgnideumst]

SnqszesfresmAdeilifiumnsiufsusplenmiignihi Mn Ni Fe,0, TntiTimatimniindings
§7 (standard ceramic techniques) ReasnLiNaseslaumsTIReNFRIntes XRD SnmnTAGeNANS Wour

Ld » [ 1 L] 4 LA 4 - -
wBuznmmlriuanlnngmml NTC udsusassretamminhhlrzgn@ldeuliinnhndhoiaingnmngil

FanaUnsaluasiimsiae
1. MSIATENNAUATSHIBEN M Ni Fe,O, sndaaGaRuitiuas

R EI T G PO Y Mn,Nine,‘,ij'fi'émaﬁnuﬂﬁnimm;'\u"iqnﬂuﬁ%'n'w‘f"lnm'm?aﬂy-mﬁu
(Buchanan,1991) FureunasufisumsinessiBoas

1) Gaduanm xMnO, yNIO usz Fe ,0, Tatft x uss y axiflusamdauean 3 uuy fe

MTF 1 x=02uATy=0.8; aMH2:x=05UsEy=05; MM 3:x =08 UaTy = 0.2

2) !’!'m':lm'l’j’min {weight calculation) 9angn3 MngNineZO" =xMnO, +yNiO +Fe , 0,

3) Fansrssmnsdanteci

4) wanmzdarings (mortar) insnaeesnsldnsziiameneRin (plastic can) MyuRANSNIRIELATENIN
(mixer) L8 1Wiraeaan? (sample powder) dnihufedmm weninalitiausansoed (PVA) Ausutnndusdiuns
apsasudunifidonaiiens tnmeesmsldnhdn (press mold) SNSRI AN (RIK 25 tons )
Sailuffaunnus 5 fu uianesssesnsnitngs inhifuik (dry) wikAu

4) vinfiousmndtusnvess (umace) #HwissmusLgMATi (FCR-13A-R/M) unzlddmumnieu
{thermocouple) 1M K (CA) (model JB-35) 1Nz 2 3 n%vmmﬁqnmgﬁ 500 °C Tlewm Usesmiienuuda
WWAF 2 erigrugll 1200 °C 1ii8an MnO, Timunesven (melting point) 535 °C, NIO Siqemaeanum x °C
unz Fe , O, Siqauanium 1565 °C lanldsammningamg (temperature increasing rate) 5 °C/min U8z
#ilwl (soaking time) 1 Falai

2. maAnuAnunTswnIAsEmATiaTRmLTRe i Rendlanldisden XRD

infeumsitumaeniiinedaneies XRD (X-ray difractometer) (Philips PW3710) 1itaguis (phase)
sz usTusssavsesiafiendnmnmmeaun (Cu)  aArusRAnSInFrswituelusfulaine 40 KV nzzua
i lunneaie@iend 30 mA spuuumi (Bragg angle) Fliconm 20 agludnax®tay’ KA AT
Zedionlg (A) Tis 1.54056 A°
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3. mEmARIUAs MnNi Fe,0, iiaesiu

FARTBNN (L) usStunuAuing ™ (d) 1o 3 grzlaeldlulnsiess (micrometer) Mna1e3me
¥4 3 gRakatnmiRu (CW2400,ITW Chemtronics) Tnemsainiimnirasess aneneliiudoniv@ngu thluey

S insirgamginlezinn 120 °C iunsmlzinm 10 R uimnmiuiammadiunusesns (R ) figamgl

-y

Wit ( 25 °C) Aominmtiaed (multimeter) uszAuasniimm il (0) Tneldger R = pUA Inet A = Tid/4
uasAMsanMnR N (0) Ineligns & = VP 1aemai 3 gos
4. nveRBLANUABWNANG

41 ninbBnsrmmelnihiesnsyi 3 ans

nsimattznmasinin (ARAL seesnnia 3 9a7 MlAlandinanruinmiulnieesis (R) foan
) snjlusnusigaaliveanmd  suusRdasmsiarsihauimusssstssioasiinnlgndld
({Thuihinguugiiuasdeskicimulsdusnsiguugiied  deluauainueildndounsm Rvs t fian
EXCEL

4.2 mavaasinbngmstidufiuensia 3 gre

mananeuLls ngmmﬁéuﬁ“ﬁ:tﬂumﬂﬁnauﬁqm{mmnﬂﬂmwn”'mnmmmma#mﬁuqmnqﬁ

»
v o
IrefuABUAI

- ]
- ]

funeun 1

AntianafFauasmammnussieeuiowed  Ianafresseufameflizneudan CPU, ROM, RAM,
Key board usz TV monitor  CPU Anutiiivinemsmusngde fuanusn ussesmuasifunsduuse  ROM fiwtihi
dultlursmususnmensies RAM vnudhiiirdeysteliun e uasusmiiiududin Key board i

H o . b - . - : ¥
winvtlaudeysuscArdesinaidusres dou TV monitor iwliusmsnuaznrvhnaeg

v
e

=
1UnBUN 2
- =l - - k'3 - - 173 -L!’ - - e -‘
‘anunmuuaanha:unmmummﬂummmmmmmmmmﬁummmuunuqnmqu N‘?ﬂ'ﬂ 1

+5V ) —

R10k(2 L
A \ .

ADCOB09 741.5244
Sampie l_

— ET-PC8255 Card  Computer
IC555

a - w - - ok . -
T 1. useslaezunmudviumslissifarefusmprsnunusssssinuiugomni

M uremTvnnzzua i usundinian 5 Vet R uazmns  Sussilinimnaden
a7 useaulriihiilewlaliis ADC 0808 31 3 ¥iin A unAuAnatenNm? (Vs) uNAURNAIBLFIRUIURLS Y
dmfuAmnnsnnrzusiniflwaies (Vs) uesunmilsititesnnidsgomgi (Vi) Heuusddlgi vs,
VLs usz VT iimsBunm lo, 11 uas 12 madniu unFR s LA usENen (AV) daurdu AV 147 ADC
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0809 1iaulselTiiuunmiaanes (DV) unsudasesiiihunsmns 8 in 3aRAe D7, D6, D5, D4, D3, D2,
D1,D0 iunéu DV Tiehurivines 7405244 WLED 8 FaTLENUNAMIPARESTS  Wiund DV s ET-PC9255
Card winein A udndniNu RAM TasilBlufntls DV smsulesusedu DVidu AV - usedi AV Fidthlu
W04 fiRe Vs, Vis une VT MAdeules v Widha T
Funauit

ANt B eneeasEaurermnmausef uimlrnrmnsesanilliauein  wienmuinassuau
avarinenlaeiimatleuusedann VR10 kKQ ussifuugafsnaninduees LED tinasarireudadeniiy
ABuARefeL ET-PC8155 Card
Fupavd 4

4.1 @olisunnnieinmdaseismussiliirlanlimdunm lo iiesmaseumminnussnas
\FonnpAtsRNAT

4.2 ATRRBLMIINNIRRATEsuRslanmniussuhmoluseufasefeenensauioanes

4.3 1wsulilrunmuitineunamefeusmuniu (R) ﬁuﬁ'uqnmqﬁ (T) AT HAN & RUN udiniis
goampiimenaiing asufiawefzeummssmm il ieamaiisne uRrnmiudifaiAnas e
nu i Riguuniisineg udathussn@eunam Rvs T fae siae EXCEL Tummaseslusketildmmsinme
Bamlnfiafinsgnmgi 25 B 100°C et LM33s5 tﬂuﬁ'f:-i'ngnmqi‘éﬁﬂmmnm:ﬁqﬁqﬁqmmmin

qramgilAlee -10 °C fa100°C

Program Resistance Temperature_dats;

uses crt, printer ;

var i, . Dv1, Dv2, DV3 :integer;
AV1, AV2, AV3, R, RL Vs, VLs, VL, VT, IL, I5, T :real;

ch : char;
const PAZ2 = $0304;
PB2 = $0305;

Pcontrol2 = $0307,
begin
port{PA2]:=255;
port[Pcontrol2]:=$90;
RL :=1000;
DV1:=0; DV2:=0; DV3:=0; AV1:=0; AV2:=0; AV3:=0; Ri=0; RL:=0; Vs:=0;
Vis:=0; VL:=0; IL:=0; VL:=0; 15:=0; T:=0;
. begin
clrscr ;
gotoxy(24,2); writeln (RESISTANCE VS TEMPERATURE DATA')
gotoxy(24,3); writein (" 0
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repeat
j=0;
repeat .

port[PB2] := 265 ;
delay(100);

gotaxy(38,10); writein ('0°);

port{PB2] :=0;

delay(100);

gotoxy(38,10); writein (*17);

port{PE}:=0; | {0}
delay(100);

DV1:=port{PA);

AV :=(5/255)'DV1;

Vs:=AV1;

port{PB):=1; {11}
defay(100);

DV2:=port{PA];

AV2 =(5/255y'0V2;

Vis:=(VLs-Vs);

IL=VL/RL;

Is:=IL;

Re=(Vs/ls);

gotoxy(7,20); writein (‘Resistance =', R'3:3,ohm);
portiPBl=2; {12}
delay(100);

DV3:=port{PA};
AV3 =(5255)"DV3;

VT.=AV3;

T:=(VT-2.73)/(0.01);

gotoxy(7,20); witein (Temperature =, 1:3:2,C);
writein { lst,’ RESISTANCE TEMPERATURE);
writein { Ist,” %
writein ( ist, Resistance =', R:3:2,0hm, Termperature =, T:3:2,C";
detay(100);

Sk
untll j =255,
ch:=readkey;




4.4 Grulilunnilfinefumeiuannrvessmudimmilitiurugomgiusnos i
neud 4.3 Tilaeimluiomnmli 25 8 100°C  WiandsWisaifameffoninrarsuszwinemedmnu

T Tugoumgh
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until ord{ch) = 27 ;

Program Resistance_Temperature_Graph;

uses

var

const

crt, graph;
grdrv, grmode, grerror . integer;
ch : char
PA = $0304;
PB = $0305;
Pcontrol = $0307;
Procedure axis;
var p.q : integer;
tex : string;
begin

grarv :=detect; initgraph(grdrv.grmode, C:tp\bg’);

setgraphmode(grmode),;
setcolor(15);

for p=tto 25 do
begin

line{(305-10°p),285,(305-10°p),305);str(4"p.tex).
outtextxy(10°p+50,310,tex);

end;

setcolor(15) ; settedstyle{defaultfont,horizdir,0);

for =50 10 305 do

begin

if g mod 51 = G than
begin

ine(45,0,55,q); str{(305-q) modB)+1)°40,tex);

outteday(20.q.texd);

line{50,50,50,305}; line(50,305,300,305);
ine(50,50,300,50); ne(300,50,300,305);
setiextstyle(defauitfont, vertdir,0);
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end;
end;
procedure piot;
var iy, DV1,0V2,0v3 : integer;
AV1, AV2, AV3R Vs VLs VLI IS VI,T :real;
begin

setcolor(3) : outtextxy(205,11,'Resistance vs Temperature Curve’);

setcolor(3) ; outtextxy(205,18," %

setcolor(5) ; outtextxy(50,30,'Ceramic Resistance (kohm)'),

setcolor(5) ; outtextxy(310,320, Temperature {deg C)");

setcolor(5) ; outtextxy(48,303,™);

DV1:=0; DVZ=0; DV3:=0; AV1:=0; AV2:=0; AV3:=0; R:==0; RL:=0; V5:=0; VLs:=0;
VL:=0; 1L:=0; VL:=0; Is:=0; T:=0;

port[Pcontrol]:=3$90;

begin

for ;=1 to 100 do N
begin
for j:=0 to 550 do
begin
port{PBJ:=0; {io}
delay(100);
- DVU=port[PAL
- AV =(255) DV
Vs:=AV1;
port{PB]:=1; {11}
delay(100). *
- DVZ:=por{PAJ;
AV2 =(5/265)" DV,
Vis={(Vis-Vs)
Hi=VURL;
Is:={L;
- R={vsfis);
pori{PB}:=2; ‘ {12}
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VT:=AV3;

T:=(VT-2.73)/(0.01);
x:=round((255/100)*T{100/255"50)),
y:=round(305-(R/1000)* (255/200));
setcolor(15) ; lineto(x,y);

delay{700);
end,
end;
end;
begin {main}
repeat
axis,
plot;
ch:=readkey,;
until ord({ch) = 27 ;
end.
x - N

TUABLN S
o » - - - 1 e, -
WeAmndulnivigomgissssmsnmubiiidumnizedernubrsane Riaweiangns
{ntarAedaynrnnuiurensm

4.3 nsnassuAuENFrewrmARTynA i Thwhingampi

- } 1} - bt -« L) -t - L4 J L 9
isiumsiserednfusrwiserafinuiugompiirmeseu ik dngom iz
» 174
Nmuiuseusil

. . ad - 4 < o
1. SAtuurTuuMTIagunimussnsinssssre s ldsuisidesfiihuthoidasunin 2

- 4, o . .
rruumsisiilEnandeune ADC0B0S, 7415244, ET-PTE255 Card unrasnifumeiviisuiuiummeaseininng

MMIRINTC  ufsImiuimeasunms s ulila

+5V -

] R10kC2 | 5
_/ \* —»

— ADC0B09 7415244

ET-PC8255 Card Computer

21 2 usenlaszunnuamEILMETIMOMETR ALK B RReF
TaulmsAuiolAihathorrin
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- . - J k3 ] L) < i b e -~ -
2. @uulthunmumoummrinsdinsnuinfufouie aoiomefswgnmpiifusmnesonsiiinmed
el dansisdenliduihaiodn

Program Ten-lperamre__Sensor_Testing;

uses cri;

var i, J, X, ¥, DV ! integer,;
AV, Ttrue  : real;

const PA = $0304;
Pcontrol = $0307;

begin
clrscr;
port[Pcontrol]:=$90;
gotoxy(25,2), writeln{' TEMPERATURE MEASUREMENT);
gotoxy(25,3);, writeIn(.......coooii e b K
BV:=0;AV:=0;Ttrue :=0;
for i:=1to 255 do
begin N
DV := port[PA];
gotoxy(27,158); writein('Digital Voitage =', DV := 3);
AV = (5/225)' DV,
gotoxy(27,20); writeln(’Analog Voltage =', AV:3:2,'V');
delay(100);
Ttrue := (39.919°AV+5.5948),
gotoxy(27,22); writeln('Measure Temperature =", Tirue:3,'deg C');
delay(200);

end,

end.

3. mnFufeuwiinee (instrument calibration) Al Tatsanszud e nusidlnia 5V tihu
asuasiinam Sunfunnadenufinnm (V) Seuuseiusnaien v idhgled ADC 0808 e lssusedi
susen (AV) Wadhumdinen (DV) 1o% 7415244 azimriidhutinintes (buffer)  uAulnianminnssa
WluusisRmeacataufitn ET-PC8255 Card manein A udachuanen (siot) i uss (RAM) Wipndalir
PENAILADT (80386SX) usmiusauinfnanaiena? (DV) uuse winalvinlesusisu DV iy AV tﬁuqmuqﬁam
srlanlfininih  dngnagiannuesines (True) ArtiAtesiagnmagi (Union 305) Reliinefunandleii
Kidwindauszussulrifinnnaienms (AV) tuseaesiaimef lutaa 25°C B 170 °C udaiufinuessluse
URZUARIMIETUETDY Tirue uas AV Aonlusunsu EXCEL ianiaumsusnsmmufiiuszening Tirue uns AV
farfsumesdlulibunmy & RUN LI R TERTEY iﬂuqmqﬁn%nmﬁﬁnqmuqﬁ#ﬁm
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- o Al’l b 3 1 - l\d. x - ar - 1 e ) -
(Union 305) Wi True unzgqruugimanisiesiagumgimai e (resfiawed) Tanlifmetailuininlém
. dl > 13 J -y - :
Tmeasure ufintinuafBsnidounrmuvasusmmmBrufosuguuninse
{ - -J -~ J LA 1 Ll -
4. przlfresingnunimussussoaniawefinglinmuwoutfiduicdstea i b7

HUUNNUANABINT

HANITNAREY
1. wamasiaudeumsnnisaFasunitiun
ganiallvasrusnseannsy Wit A Mn Ni Fe,0, s1saatiii 1, 2, 3 Tdndounnaiiu

s - . o =
Xx=02,y=08;x=05 y=05;x= 0.8, y = 0.2 puaneu 3w\lmm~:mugnmmmmmﬂ 1

AT 1 Rusaanmidaete® 1,2 ues 3

ANTFIBLN AN 1 819N 2 a3

; ¥ =¥ ¥

fBu Aasum YRR X ArAaune
Ol - amn am

+ o« vg < 4'-44 . \ - - J L -
arfeusnmnemi bhnussmsduriiimisvsaumsinnuhl  Igwpufissuin szeeuiia

4 J J » ol- - - - 14-‘ -‘I‘
nnARURiIINEATRIRI U fismeentiresnts 3 1ila nemiufeumgarimininiie
Wiy Anpnzesamenud widne mmauesrlfineepsnssuncgnmginneniinafeaminge

. X oant ' - ; o
e Aeumsimmsduiniumsersdanaldannifuhguineeresamanss maussmils
Hudeuglen Tdm vis 3 gae

2. uitm‘:ﬁnmnummﬂﬁﬂ‘:mnﬂuamﬂammeﬁt'an-ﬁaﬂ'li'm‘%m XRD
d' - - : [ - : - d.
HeRnmaummiiumnieusssiiiiendaesa s 3 grr annmospflikaaneem 2

-, H '
FYTHNA 2 UAMIPIHAZIBUAN AR NNITEIEN M XRD

AIFIBEN as¥ 1 a2 M3

insrBInn? »uFe,0, wu Fe,0, , wu Fe,0, ,
NiFe,O, uaz NiFe,O, , NiFe,O, .
NiMn,O, NiMn,O, uaz NiMn, O, uaz
uAlinuMnO, | MO, Mn,O,
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3. HAMINAABUATT Mn,Ni Fe,0, e
3.1 ua MmN (L) uszideinguinn (d) asanmis 3 grilaslilulasivieiisua

o -
MIATTN 3

] o ' - b4
AYTHY 3 LARINKIINNITIRATINMUN (L) un:uﬂ:lﬁmnuguﬂnaw (d) 18981IM3I 3 gﬂ?

— 7 3 3
HIIFAIDLTN 1 1 a2 a3

AV (L) 1.86t0.01 mm | 2743001 mm | 3.7240.01 mm
wWhuguine (d) | 12084001 mm | 12.0840.01 mm | 12.980.01 mm

J - J - - o b 4
3.2 HANINIMIAIFTINTL (R ) Figaumgiities (25 °C) MuinteuiaRliaafuasATuanan ity

bt (P) uszsarmmathing (O) 18I 3 40 IR 4

ST 4 UAAINBTBIMETARTRENUNU (R) anmsimmudliih () uszanmain Inf (0)

ﬁfg cuugIties (25 °C)

N
A7FIREN m:ﬁ 1 M2 m:-‘r‘u 3
AU (R) 167 KOO 5.44 MO 17.44 MO

amwinmlidh (p) | 1.17x10"° Om 2.62x10° {m 6.19x10° $m

anmmstitiii @) | 8.5410° (Qm)’ | 3.81x10° Qm)’ | 1.62x10° (Qm)’

4. uaMSYARBLANIREWANA

4.1 uamrisadernmuiniAR vs At ssanimi 3 gas uamﬁ'qzl.ﬁ'n 3, 4 UAS 5 MUAAL

—'E- 166.0

£ B»B5 4

S

2 —

£ W0 :

=
M 1848 /

g %

S 4

& 1640 T T

0 1] 1 B an
VIR (s)

N 3 usmenrmiBmuFIieIu (R) uaziom (1) eemisi 1



E 847 - ]
£ f
3 56

£ -

c .
& 58 «

"- i

& 542 T

0 D 1 w an
17| (s)

al - - 3 .
71U 4 usmimNdiuS I RAIFTI L (R) uaz 1987 (1) veeaTT 2

£ 180
o
s oo
17.8 —
g ; —o
3 17.6 badl
" <r”’°/
2174 , ; %
[ad
=
0 50 100 150 200
139 (s)
FUN 5 usmaondniufzswinesaudinmm (R) uszm (1) woantH 3

- -] k) : - -' ; | L)
uamsimatuznmNinfwuime 3 gar drradmarmumimatntiss uicsurmisinu 50-100

e - : ’ 4 H - H 1)
AR ufemiuaniummusssradnemaiivinsignmgfisitaiiumsusasitansiiafioenrmuini

42 uamavasanlmngrsiiduiisemnat 3 gas Taeldigsag Al
nammnmuﬂﬂngmmﬁiuﬁmmf;'h 3 grrlaummsinrstumssudonneniamed  arminu
rulrfinfgnuuniishe] s 3 g npmriwrsdnmmibiieeemfuinXesnersuitedilue
POTRFANL. e uansmniRasaeriafndfn( semiconducting ceramics) uazSianunnades
s umniaandly

- Mouison gas Herbert, 1990) 541'3



3

24

uatinasFae T ummianfuirwner iR omgiinne Ka 6, 7 uaz 8

200

- ¢ R = 400.89e-0.0324T
£ 150 - -

= . R®=0.9908

@ 100 s

S

(%]

[1F]

c 0 [ . ; . ;

0 20 40 60 80 100 120

Temperature (°C )

7191 6 wamamaniiiuizzwiam U (R) uncgamgil (T) vesmsi 1

£ R = 15,185e-0.0303T

[=}

= 6 v

Py ‘\.\ PR :

2 4+ - N

] .

3 2 =

(4

0
0 D D @ O 1m »

Temperature ‘c)

U 7 uammmdBriusmwineuinmu (R) uscsnmall (T) ssmsi 2

D
E R = 37.7756-0.029T
S D
=
g p
: 1
[+ 4 0 T T T T

0 D F. 4 @0 & 1 1
Temperature (‘I C)

1 8 uammndBfuSTEw IS (R) ustqnmgTi (T) Teeme 3
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o ] - i L4 - - '4
4223 uAMIAMALAT O 3panefimeiimunanens MnNi, Fe,0, uatnailameindifnmmilu

wh#e (Buchanan, 1991) wiwfsuiRoui B lndRusTuRannrn 5

» » o - o
M 5 aamzawumalizinsgnaglivesrudinmuiniiuey

UPNgMINTC | uamizimunnisn o

A an 2
Rvs T-data | RvsT-graph
a1 —0.0308°C" | -0.0324°C" | -0.0145°%C"
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Phone (053) 943376, Fax. (053) 357512, E-mail address: Athipong@chiangmai.ac.th

Abstract: Lead zircomate titanate ceramic (Pb(quzTi".)O! or PZT) is a ferroelectric ceramic, that has been widely

used in actuators and transducers applications. However, in these applications the ceramic is often under the influence
of the compressive stress. Therefore, this study is carried out to investigate the uniaxial stress dependence of hysteresis
properties of PZT ceramic by measuring the ferroelectric parameters, i.e. remanent polarization (Pr), spontaneous

polarization (P') and coercive field (E‘-) as g function of siress. It is found that the uniaxial stress shows marked effects
on the hysteresis propertics of PZT by significantly reducing the values of remancnt polanzation (P), spontaneous
polarization (P‘) when the uniaxial stress increases, while the coercive ficld is decreased only shightly.

E0010-SAMPLE PREPARATION AND NTC PROPERTY TESTING OF Mng;Nig;Fe;O, FOR
TEMPERATURE MEASUREMENT AND CONTROL SENSOR

Thongchai Panmatarith and Wassana Supmark

Department of Physics, Faculty of Science, Prince of Songkla University, Hat Yai 90112, Thailand.

E-Mail address: pthongch(@ratree psu.ac.th

Abstract: The bult sampic with the composition of Mng,Nig,Fe,0, were prepared.  The negative of temperature
cocfficient of the resistance of the sample was measured.  The system with computer was designed and constructed for

showing the application of temperature measurement and control of the prepared sample in the range of 25 to 900 °C
and 0 to -50 °C, successfully.

E0011-Fabricatiom and Characterization of Dental Porcelain Nanocomposite from Thailand’s Raw Materials
Attavit Pisit-anusom®, Supon Ananta', Rattikom Yimnirun' and Sukdipown Thiansem®

"Department of Physics, Faculty of Science, Chiangmai University, Chiangmai, Thailand

Department of Industrial Chemistry, Faculty of Science, Chiangmai University, Chiangmai, Thailand

E-mail address: antavit@chiangmai.ac.th

Abstract: Composition, microstructure and mechanical properties relationships of dental porcelaid have been
investigated. Appropriated composition, frit-firing and sintering conditions for the fabrication of lew-fusing dental
porcelain were determined. It is scen that the most promising composition ratie of feidspar/quart=/borax/iaolinite/soda
ash for dental porcchain fritting applications is 65/17/12/4/2 (w1%). The optimum firing 1emperature of 1350°C is
identified for frit preparation and appropriated sintering temperature of 980°C in vacuum furnace. By employing a
scanning clectron microscopy (SEM) together with an energy dispersive X-ray spectroscopy (EDX) techniques, a
continuous glassy matrix phase together with dispersed mullite and leucite crystalline phases, particle size 50-200 nm

were found. Morcover, measured values of hardness and flexural strength were also higher than those of the dental
porcelain specification.

E0312-SILICON PURIFICATION BY ZONE REFINING TECHNIQUE
Prajuk Tamee and Ekaphan Swatsitang
Department of Physics, Faculty of Science, Khon Kaen University, Khon Kaen, Thailand,

Abstract: Zone Refining Technique is an effective method used to purify a material

by slowly pull a vassel containing the melting material through the temperature

gradient . Most of the impurities will diffuse to the melting part leaving the solidified part more purifier. In this
research, the MG-grade silicon powder of purity 97 % was melt at 1420 °C in a graphite crucible (1x1x8 em®) which
was slowly pulled with different pulling rate of 20, 10 and 7 mm/h. The structure and impurities of the obtained
samples were analyzed by X-ray diffraction (XRD), X-ray flucrescence

(XRF ) and ICP-AES respectively. From the experiment $i0, was found on the surface of sample. The results from
XRD showed that the main structure of Si did not change and SiC peaks were found due 10 the diffusion of C from the
graphitc container indo the silicon matrix. Fe, Ca, Ti, Zn, Ni, As, Mn and Cr were found to be the mhjority impurities
in the sample by using XRF.The results from [CP-AES showed that most of the impunties were reduced in the zone
refined region and i was obvious that these impurities diffused to the melting part which was solidified latter.

E0013-Study the Pupertia.of Concentrated Latex Sludge for using as s Fertilization
Saovance Kovutikulbangsic '* Natawut Nithi-U-thai' , Wilirat Cheewasectham ?,

Department of Rubber Technology and Polymer Science, * Department of Science, Faculty of Science and
Technology, Prince of Songkla University, Pattani. 90400 Thailand; e-mail address : ksaovane abunga.pn.psu.uc.th

Abstract: The shedged samples were collected from three rubber concentrated factories in Songkhla and Pantani,
Thailand. Measure the physical properties of sludged samples such as pH, Density, Total Solids Content, Volatile
Solids Content, Moisture content. The nutrient elements component in sludge, for instance N, P, K, Mg, Zn and Ca.
were also gnalysod. The sludge was extracted with de—ionized water. Some elements could be leached and dissolved
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ABSTRACT

The prepared samples were Ba, La, ,TiO, (sample 1) and (Ba, Zn, )TiO, (sample 2} ceramics.
When the dielectrics properties of both samples were measured at room temperature, it was found that
impedance, capacitance and dissipation factor decreased as frequency increasing, whereas conductance
and quality factor increased as frequency increased. Sample 1 and 2 can filter high frequency voltage in
40-140 kHz range and low frequency voltage in 0.5-10 kHz.  Sample 1 and 2 can filter band frequency in
20-500 kHz and 20-200 kHz range, respectively. Capacitance of both samples increased as voltage
increased. When considered the impedance-frequency dependence, all samples showed frequency-to-
voltage conversion and voitage-to-frequency conversion. Properly, samples can be used as frequency
sensors. The apparatus for charge and discharge displaying with computer was constructed successfully.
Key words: dielectric property, voitage filtering, capacitance-voltage dependence, vollage-to-frequency conversion,
charge and discharge
emall address : pthongchi@ratres. peis.ac.th
Department of Physics, Faculty of Science, Prince of Songkia University, Hat Yai 90112, Thailand.



INTRODUCTION

The discovery of ferroelectricity in barium titanate in the 1840 made available for ceramic capacitor
design dielectric constants (Moulson, A.J. and Herbert, J.M. 1990). in barium titanate, the crystal structure
is the perovskite structure. Barium titanate has become the basic ceramic capacitor dielectric material in
use today. Pure crystalline BaTiO, has a peak permitivity at about 130 °C (Moulson, 1990). Dielectrics can
be defined as materiais with high electrical resistivities which show capacitive property and can be used as
capacitors. This materials satisfy the following properties : dielectric conductivity, permitivity, dissipation
factor and dielectric strength. The capacitors can fulfil various functions in electrical circuits including
blocking, coupling and decoupling, AC-DC separation, filtering and energy storage.

Zhang (1992) in China had prepared Ba, Sr, .TiO, and tested the charge and discharge
characteristics. Cheng-Fu Yang (1992) in Taiwan had prepared (Ba, ,Sr,XTi, /Zr, JO, and measured the
dependence of dielectric constant on the temperature. Maniing BaO {1993} in China had prepared
Ba(Ti,Sn)O, and measured the dielectric constant and dissipation factor at different temperature. Kazaoui
{1993) in France had orepared Ba(Ti, .Zr, ,)O, and measured the dependence of capacitance, dissipation
factor and electric susceptibility on temperature and frequency. Dimos\(1 998) in USA had studied
(Ba,Sr)TiO, at high frequency for decoupling capacitors and tunable microwave capacitors applications.
Seon Yong {1999) in Korea had studied the dielectric constant of Ba, ;Sr, ,TiO, material for capacitor
fabrication. Henneth (2002) in Hong Kong had studied band pass fitter with center frequency at 44 MHz
and bandwidth of 6 MHz for digital video application.

The authors have been studying dielectric materials. The applications of these materials were
studied very litthe. The development of experimental setup is important for application work. The construction
of the materials instrument have been long the subject of much research. The goal of this study was to
investigate and develop application details for the dielectric property, voltage filtering, capacitance-voltage
dependence, voltage-to-frequency conversion, charge and discharge phenomena.

MATERIALS AND METHODS
2.4 Sample preparation, phase identification, dimension measurement and electroding
Sampies studied in this work were prepared by standard ceramic techniques {Buchanan, 1991).
The compasition of the prepared ceramics were 0.9BaC0O,+0.1La,0,+TiO, and 0.582C0,+0.5ZnO+TiO,.
The starting materials were the reagent-grade of (BaCO,, L8,0,. Zn0O, TiO,) powders having purity 99.5 %.
The weighed amounts of raw materials were mixed in agate mortar, then place in a plastic can and mixed



with mixing apparatus for 5 min. The powder was mixed with polyvinyl aicohol (~3 wt} as the binder. The
powder was pressed into small discs with a diameter of ~12.9 mm and a thickness of ~2-3 mm under
pressure of about 38.17 MPa to obtain green ceramics. Samples were fired in air at 1200 °C for 4 h in an
electrical fumace with a heating rate of 5 °C/min with a soaking time for 1 h and followed by slow cooling to
ambient temperature naturally (the binder was bumt off at ~452 °C). The fired bodies were obtained.
Finally, fired pellets were ground to a powder. Phase identifications of the ceramics are camied out by
X-ray power diffraction using Philips PW1730 diffractometer with a step-scan facility. This apparatus was
operated at 40 kV and 30 mA with Ni filtered CuKg radiation. The various phases obtained in this study
were identified using the reference files in a computer. The X-ray diffraction (XRD) patterns of the powder
of fired pellets were recorded. The sample was electroded with silver paste by firing at 120 °C for 5 min.
2.2 A d.c. electrical resistance and dielectric properties in a.c. field measurement
A d.c. resistance of sample 1 and 2 were measured at room temperature with high resistance meter
(HP 4339B ). For dielectric measurements in a.c. field, firad pellets of the sample 1 and 2 were polished
using sand paper. impedance (Z), conductance (G), capacitance (C), dissipation factor (D) and quality
factor (Q) were measured with an LCR meter {HP 4263B) as a function of frequency (100 Hz ,120 Hz ,
1 kHz , 10 kHz . 100 kHz) at room temperature (25°C). .
2.3 Electrical voltage filtering measurement
2.3.1 High pass filtering measurement
Experiment setup for high pass filtering measurement was treated. The electric current was
generated by a 5§ MHz Function Generator through the sampie and resistor 120 k€2 in series connection.
The frequency was adjusted and voitage was measured with Fluke 45 Dual Display Multimeter in the
frequency range from 40 kHz to 140 kHz at room temperature (25°C) for the sample 1 and 2. The voltage
and frequency were recorded.
2.3.2 Low pass filtering measurement
BExperament setup for low pass filtering measurement was treated. The electric cument was
generated by a 5 MHz Function Generator through the resistor 120 k{2 and sample in series connection.
The frequency was adjusted and voltage was measured with Fluke 45 Dual Display Multimeter in the
frequency range from 0.5 kHz to 10 kHz at room temperature (25°C) for the sample 1 and 2. The voltage
and frequency were recorded.
2.3.3 Band pass filtering measurement
Experiment setup for band pass filtering measurement was treated. The electric curent was
generated by a 5 MHz Function Generator through the sample, resistor 120 k(D, resistor 200 {2 sampie.



The frequency was adjusted and voltage was measured with Fluke 45 Dual Display Multimeter at room
temperature (25°C) in the frequency range from 20 kHz to 500 kHz for sample 1 and from 20 kHz to 200
. kHz for sampie 2. The voltage and frequency were recorded.
2.4 The capacitance-voitage measurement
The 4140 LLPA Meter / DC Voltage Source was used for the capacitance-voitage measurement.
Tum the power switch to on paosition, select C-V and V,. Parameter was set as follow: Statv=0.0V, Stop
V=5V uar Step V=02V, dvidt = 0.1 V/s, Step delay time =5 5. When this apparatus was run, a d.c.
voltage that flowed to the samples couid be varied throughout the range from 0.0 V to 5 V with an accuracy
of £0.01 V. The vottage dependence of the capacitance of the sample 1 and 2 at room temperature were
recorded.
2.5 Frequency-to-voltage and voltage-to-frequency conversion measurement
After the invention of computer, it has been proven experimentally that computer interfacing
techniques can be used for measurement and control for material testing.  So, a circuit was designed and
constructed to measure the voltage and frequency. From dielectric properties in a.c. field measurement
(section 2.2}, we found the effect of frequency on the impedance of the dielectric samples. So, the
sainples exhibit frequency-to-voltage and voltage-to-frequency conveé:on behavior. To test the frequency-
to-voitage and voltage-to-frequency, a computer interfacing circuit was prepared and connected to the
computer via ET-PC 8255 card for automatic data acquisition and analysis over the given frequency range.
The experimental steps for frequency-to-voitage and voltage-to-frequency conversion
measurement as follow:
1) The experimental setup for this test was done and shown in Figure 1.
2) Iinterfacing circuit was tested for reading the voltage. The eiectric voitage was applied to the circuit
for testing. The testing results were shown with LED and then tested for output the electric voltage out
of port B. [f the circuit operated completely, the LED can bright up and bright down for5vVand 0 v,
altemately.
3) The operaiing program was writien in Turbo Pascal Language and saved in hard disk.
4) To initiate the measurement, open the computer to DOS, goto C:\>cd tp and then Enter, goto
CATP>turbo and then Enter, goto Turbo Pascal Program, open the program for frequency sensor test with
computer, press Ciri+F9 for run program (press Cirl + Break for Exit program)
5) Tum on the Signal Generator, the cument flowed through the sample and resistor. The voltage drop
was sent to input of Op amp 741 ampilifier for ampiification. The ampilified voltage was sent to diode
(1N4001) for rectification with capacitor for filtering. The d.c. output voltage from the diode was analog



voltage (AV). This AV voltage was sent to pin 26 (i ) of ADC0809 for AV to digital voitage (DV) conversion.
The IC555 circuit will generate square shape electric voltage and sent to pin 10 of ADC0809 for operating.
The 8 bits digital voltage (07.06.05.04.62.01 ,D0) was sent through 74LS244 for buffering. The 8 LED will
indicate the DV at output of 74L5244. The DV from 741.5244 was sent through port A of 8255 in ET-
PC8255 card and then into the RAM. The DV was displayed on the screen. The DV was converted to AV
with AV:=(5/255)"DV. The analog voltage (AV) was displayed on the screen. When the frequency of
Signal Generator was adjusted, the analog voltage increased as frequency increased. The true frequency
(f,,) was read from the Signal Generator screen and the AV was read on the computer screen (AV) for
calibration from 0.396 kHz to 14.65 kHz for the sample 1 and 0.4 kHz to 24.41 kHz for the sample 2. The
f,, versus AV was piotted and displayed this graph and showed the equation, T,,,, = fAV) with EXCEL.

The relation of Ttrue versus AV was written into control and measure progfam. Then, this program was
RUN and read the true frequency (f,,,) on the Signal Generator screen and measure frequency from the
computer with the prepared sampie as a frequency sensor {f____.). The both frequency was plotted for
calibration. This is finishing the calibration.

6) We obtain frequency apparatus that display with computer and the prepared sampie used as a

frequency sensor. N
—
Signal s} Sample Opamp 1 {—»{ Diode ADCOB09 || 74L5244
Generator / Opamp 2 t
ET-PCB255 —»
555
Resistor Capacitor Card P2
! I Computer/ =

Figure 1. The experimental setup for the frequency sensor test.

2.8 Charge and discharge of the samples with computer displaying

. The experimental steps was as follow :

1} The experimental setup for charge and discharge displaying with commercial computer was shown in
Figure 2.

2) Turbo Pascal Program was waitten for controliing electrical voltage reading and testing for good
working.

3) To calibration, the d.c. voitage was supplied through switch and the sample. When the switch was
opened, charging voltage was sent to pin26 of ADC0809 for analog to digital conversion. The DV was



sent through 74L$244 for buffering. Then, the DV was sent through ET-PCB255 card to computer and
displayed on the charging voltage versus time on the screen.
+5V

kSW ADC0803 | 'l 74L5244 J o Computer

&

Sample LMS55 ETPC 8255 Card

Figure 2. The experimental setup for charge and discharge displaying with commercial computer.

RESULTS
Table 1 summarizes the composition, sample phase, sample colour, thickness (L) and diameter
(d) for the sample 1 and 2. Typical XRD patterns for the samples are determined. X-ray diffraction (XRD)
confirmed that the specimen 1 was a single phase (Ba, La, ,TiO,) and specimen 2 was two phase
[(Ba, ;Zn, ;) TiO, and ZnO]. ~

Table 1. The composition, phase, colour, thickness (L) and diameter (d) for the sample 1 and 2.

No. | composition Phase from XRD colour L {mm) d (mm}
1 0.9BaCO, + 0.05La 0, + TiO, Ba,La,,TiO, white 13.14 3
2 0.5BaC0,+0.5Zn0+TiO, (Ba, . Zn, JTiO, . ZnO | white 12.81 3.01

The electrical resistance of the sample 1 and 2 in dc field are about 1.0505 x 10" £ and 256.6
MC2, respectively. Both samples were not stable because of resistance increasing slowly at constant
temperature {room temperature). The impedance (Z), capecitance (C} and dissipation factor (D) decreased
as frequency increased for sample 1 and 2. The conductance {G) and quality factor (Q) increased as
frequency increased for sample 1 and 2.

Figure 3a) indicates high pass filtering. As shown in this picture, sample 1 and 2 can filter the
electrical voltage frequency In the 40-140 kiHz range. Figure 3(b) inclicates low pass filtering. As shownin
this picture, sampie 1 and 2 can filter the electrical voltage frequency in the 0.5-10 kHz range. Figure 3{c)



indicates band pass filtering. As shown in this picture, sample 1 can filter the electrical voltage frequency
in the 20-500 kHz range. The sample 2 can filter the electrical voltage frequency in the 20-200 kHz range.
V1 and V2 in the three pictures were filtered voltage for the sample 1 and 2, respectively.
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Figure 3. Voltage filtering measurement for the sample t and 2.
3.4 Capacitance-voltage

The vottage dependence of the capacitance of the sample 1 and 2 at rcom temperature are shown
in Figure 4. From the curve of the sample 1, capacitance increased as voltage increased andthe Cvs V
relation comrespond to C = 21.294x + 188.81 u;hich was the linear relation. From the curve of the sample 1,

capacitance increased as voltage increased and the C vs V relation comrespond to C = 10.681V+104.34
which was the linear relation.
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Figureé 4.” The capacitance-voltage characienstics of the sample Tand 2.



3.5 Frequency-to-voltage and voltage-to-frequency
The relationships between true frequency (f, ) and dropped voitage (AV) for the sample 1 and 2
were performed and correspohd to the equation as follow:
Sample 1: f=0.7511(AV)*+0.3472(AV)-0.4102  (0.396 kHz-14.65kHz) (1)
Sample2:f= 0.4602(AV)2+5.5168(AV)-1 1.136 (0.400 kHz-24.41 kHz) (2)
After calibration, the true frequency (ftrue) and measured frequency (fmeasure) for the sample 1 and 2

were measured as shown in Figure 5.
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Figure 5. Comparison of true frequency (frue) with measured frequency (fmeasure) for
a) sample 1 and b) sample 2.

3.6 Charge and discharge of the samples with computer

The effort mainly directed towards designing data acquisition system for charge and discharge
displaying on a computer. The charge and discharge image was recorded on a computer via interfacing
circuit. A charge-discharge picture can be seen for the sampie 1 and 2 at room temperature by using

commercial capacitor for calibration.

DISCUSSION AND CONCLUSION
The studied samples were 0.9BaC0O,+0.05La,0,+TiO, and 0.58aC0,+0.52n0O+TiO,. The
resistance of the sample 1 in d.c. fiekd is higher than that of the sample 2 at room temperature.



The dependence of impedance on the frequency can be used for voltage filtering test, frequency-
to-voltage conversion and voltage-to-frequency conversion. The dependence of conductance on the
frequency showed that that samples could be electrical conducted very well at high frequency. The
dependence of capacitance on the frequency could be used for selection and designing the component in
the circuit. The dependence of dissipation factor and quaiity factor on the frequency showed that the
samples exhibit a good quality at high frequency. The impedance-frequency characteristics showed that
the samples had dielectric behavior that correspond to the works of Ligin —~Zhou (Ligin Zhou, 1992) uag
Kazaoui (Kazuoui,1993). They measured the dependence of capacitance on the frequency which was a
dielectric property. The capacitance value is frequency dependent, decreasing with increasing frequency
(Fiske, 1997). This is the result of polarization of surface charges induced on the materials (Fiske, 1997).
The dissipation factor is defined as the ratio of energy dissipated to that of the energy stored during the
reversal of electrical polarization in response to an externally applied altemating electric field (Fiske, 1997).

- The capacitance and dissipation factor are true material properties and can therefore be understood in
terms of composition and structure, which define material behavior in a dielectric field. The sample 1 and
2 showed the dielectric properties. The both samples are polycrystaliine materials with capacitive
property. N

The sample 1 and 2 can filter high frequency voltage in the 40-140 kHz range and low frequency
voltage in the 0.5-10 kHz range. The sample t and 2 can filker band frequency voltage in the 20-500 kHz
range and 20-200 kHz, respectively. Results obtained have shown that both samples can be used as high
pass filter (HPF), low pass filter (LPF) and band pass flter (BPF).

From the capacitance-voltage result, the capacitance dependence on the voltage was involved
charge and discharge of the materials which comespond to Zhang. They measured the change of electric
current with time as charge and discharge characteristics.

The samples showed frequency-to-voltage conversion and voltage-to-frequency conversion. So,
both sampies can be used as frequency sensor. The operating frequency range for the sample 1 and 2
were 0.88 kH2-6.03 kHz and 7.48 kHz-27.25 kHz, respectively. The both samples were successfully made
into dielectrics exhibiting typical frequency-to-voitage and voRtage-to-frequency characteristics. This
frequency sensor is not reported by other workers. It want 10 develop further.

The voltage versus time curve as charge and discharge showed that both samples showed
capacitive property and this can be shown with computer via interfacing circuit and program. This
apparatys is inexpensive for charge and discharge demonstration.
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Both samples are atiractive materials for capacitor fabrication because they exhibit a good
dielectric property. For the improvement of the instrumentation, the computer interfacing techniques was
designed and constructed in tﬁis research laboratory oom. it should be noted that the computer
interfacing system and program can be use to design for some experiments in the future work. n addition,
the studying of the physical properties of the ceramics, such as dielectric property, voltage filtering,
capacitance-voltage dependence, voitage-to-frequency conversion, charge and discharge phenomena
have been developed and used for further research.
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