7. madigmasuuy PTC (PTC thermistor)

7.1 medaanusumuliinituiusomg s aneffinmefuuy PTC
s mesdarmusumuituiugamgilysing Sn0,+0.50r,0, Melusunsumeilnhume
Resistance-temperature measuring of Sn0,+0.5Cr,O, with Turbo Pascal Program

sedn RHufissgnt'
Thongchai Panmatarith
WeulfilRnsNandSan MATRENE AusAnuimaad wndvenfuscasurhond walug) s

80112 Usznslne

UNARsS
#11 SN0, +0.5Cr,0, uanaisingnral PTC Tutas 25-90°C uatillumefismefuuy PTC 1
MJuﬁ0maﬁ’nmmﬁwmuﬁuﬁuqmuqﬁmqmﬂﬁawmiﬂ
Abstract
The SnO,+0.5Cr,0, material showed PTC effect in the 25-90°C range and was a PTC thermistor.

Computer was used for measuring the resistance dependence on temperature of this thermistor.
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Program Resistance_Temperature_Graph_for PTC_themnistor;

uses crt, graph;

var
grdrv, grmode, gremror . integer;
ch : real;
const
PA = $0304,
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FB _ = $0305;
Pcontrol = $0307;
procedure axis;
var p,q : integer;
tex :string;
begin
grdrv := detect; initgraph{grdrv, grmode, * C:Mp\bgi');
setgraphmode(grmodse); -
setcolor{15); line(50,50,50,305); iine(50,305,575,305);
line(50,50,575,50); line{575,50,575,305)
settextstyle(defauttfont, vertdir, 0);
for pi=11t0 26 do
begin
iine((595-21*p), 295, (595-21*p}, 305}); stri4*p, tex);
outtexby(21*p+565, 310, tex);
end,
setcolor(15) ; settextstyle(defauitfont, horizdir, 0);
for q:=50 to 305 do
begin
¥qmod 51 =0then
begin
line(45, q, 55, q); str({({305-q) mod §)+1)*10, tex);
outtextxy(20, q. tex);
end,
end,
end;
procedure plot;
var i, J, x, y, OVO, DV1, DV2 : integer:;
AV0D, AV1,AVZ2, R, RL, Vs, VLS, VL, IL, Is, VT, T : real;
begin
setcolor(3) ; outtextstyle(205, 11, ‘Resistance vs Temperature Curve’);
setcolor(3) ; outtextstyle{205, 18, Y
setcolor(5) ; outtextstyle(50, 30, ‘Ceramic Resistance (Mohm) ');
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setcolor(5) ; outtextstyle{435, 335, Temperature (degC) °);
setcolor(3) ; oufiextstyle(ds, 303,);
pori{Pcontrol} :$90;
RL :=1000000; {ohm}
for =1 to 100 do
begin -
for {:=1 10 550 do
begin
port{PB):=0; {0}
delay(30);,
DVO := port{PA];
AVO ;= {5/255)*DVD;
Vs := AVD; {V}
portlP8] :=1; {11}
delay(30);
DV1 := port{PA];
AV1 := (5/255)*'DV1;
Vis = AVT,
W = (VLs-Vs);
IL := VL/RL;
Is =IL; {A}
R :=(vsfis); {ohm}
port(PB] :=2; {12}
delay(30);
DV2 =port{PA];
AV2 :=(5/255)'DV2,;
VT = AV2;
T :={VT-2.73}/(0.01);
x=round((525/100)*T+(100/525)*50); y:=round{305-(R/1000000)*(255/50));
setcolor(15); line(x, y, x, y}:
delay(100);
end,
end;
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end;
begin {main}
repeat
axis,
plot;
ch = readkey;
until ord{ch} =27,
end.
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Abstract
The commercial PTC thermistor showed PTC effect in the 25-90°C range. Computer was used for
measuring the resistance dependence on temperature of this thermistor.
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Call delay
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Picturel.PSet l,lr
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Do
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‘R vs T of PTC Thermistor

Private Declare Function Inp Lib “inpout32.dll™

Alias "Inp32"™ (ByVal PortAddress As Integer) As Integer

Private Declare Sub Out Lib “inpont32.d41i% _

Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As Integer)
Public toggle As Boolean

Private Sub Commandl_Click()
1f toggle = True Then
Timerl.Enabled = False
toggle = False

Commandl .Caption = "continue"
Else

Timerl.Enabled = True

toggle = True

Commandl .Caption = "capture”
End If

End Sub

Private Sub Form Load(}

Left = {Screen.Width - Width) / 2
Top = (Screen.Height - Height) / 2
Picturel.DrawWidth = 2

toggle = True

Out &H307, &HSO0

End Sub

Private Sub Timerl Timer()
Picturel.Cls

For i = 1 To 25500

Out &H305, &HO 'To

Call delay

Vs = Inp(&H304)

Out &H305, &H1 'I1
Call delay

VLs = Inp{&H304)

VL = VLs - Vs

RL = 78 ‘*ohm

IL = VL / RL

R =Vs / IL
LabelR.Caption = R
Call delay

Out &H305, &H2Z i ¥

Call delay

V = Inp(&H304)

VI = (5 / 255) * V

T = (VT - 2.73) / (0.01)
LabelT.Caption = T

x = (255 / 100) * T

y = 255 - {255 / 2000) * R
Picturel.PSet (10 * x, 10 * y), vbGreen
Call delay

Next i

End Sub

Sub delay{}

Times = Timer

Do

DoEvents

Loop Until Timer >= Times + 0.01
Label8.Caption = Timer

End Sub
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The new positive temperature coefficient effect based on Bi,0,+Fe,O, or ZrQ,+MnO, material
and used as temperature sensor
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ABSTRACT
The Bi,0,+Fe,0, (sample 1) and ZrO,+MnO, (sample 2) materials were prepared by standard

ceramic techniques and identified the phase by XRD techniques. The PTC effect was tested. The both

samples were applied to be temperature sensor. The sampie 1 exhibits PTC effect from 25 to 110 °C that
the positive temperature coefficient of the resistance (L) was +183.24 %/°C. The maximum resistance
was 2224 M{Q at 110°C. The sample 2 exhibits PTC effect from 25 to 130 °C that the positive
temperature coefficient of the resistance () was +7.08 %/ °C. The maximum resistance was 9.08 M{Q at
130°C. The PTC effect was similar to barium titanate. The PTC effect in the Bi,0,+Fe,0, and ZrO,+MnO,
samples were discovered in the first time. The prepare samples and the temperature monitoring with
computer system can measure the temperature in the range 25 °C to 65 °C (sample 1) and 25 °C to 85 °C

{sample 2). The working temperature of these sensors are in the PTC region which ane very sensitive to

heat. =

1. INTRODUCTION

The positive temperature coefficient (PTC) thermistor is the material which can transform
temperature change into resistance change. This thermistor shows the semiconducting property. This
ceramics is important for industrial work.  The well-known PTC thermistors are BaTiO,—based materials
which show PTC effect. T, of BaTiO, is about 120-130 °C and is changed with dopant content. Dopant is
added to BaTiQ, for the changing of potential barrier at grain boundaries. Then the PTC behaviour is
changed. This thermistor can be used as temperature sensor, constant temperature heater (PTC heater),
honeycomb air heater (hair dryer), auto fuel evaporator, current limiter, circuit timer, sensor for motor
protection, motor start assist and high temperature material.

Research groups that had studied the PTC thermistors as follows:

Klaus Dostert {1983) had report that PTC thermistor can be operated as thermostat for heat flowing [3).

Issa (1992) had prepared BaTiO,+0.4 mol%Ho,0, and the resistivity, dielectric constant, dissipation factor
versus frequency and Curie temperature were measured for PTCR effect studying [4].

Masalu Miyayama (1992) in Japan, had prepared the (Ba, St )(Nby o, Ti, 5,,)O, + 1 mol% TiO, + 0.07 mol%
MnO (x=0, 0.2). The electrode was fabricated from siiver paste. The resistance versus
temperature was measured and applied to be infrared detector [5].

Padmini (1994) in india had prepared BaTiO, + 0.3 at% Nb,O; ;BaTiO, + 0.3 at% Nb,Q, + 0.2 at% Bi,0,.
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The resigivity versus dopant content, the resistivity versus temperature and the dielectric constant

versus témperature were measured [6].

Homg-Yi Chang (1997) in Taiwan, had prepared (Sr, ,Ba_ JTiO, ,material was tested for PTC effect and

Curie temperature {T ) was measured [7].

Wang (1997) in China, had prepared (Sr,Pb)TIO,. The resistivity at different temperature and Curie

temperature were measured. The PTCR value was caiculated [8).

Shibagaki (1997) in Japan, had prepared Ca-doped SrTiQ, capacitor and O was measured [9].
Xue (1997) in China, had prepared MnO-doped BaTiO, with AL,O, SIO, as the sintering-aid material and

the PTC efficiency was studied [10].
igor (1999) in Slowenia had found that the PTCR effect in TiO,-doped BaNb,0, in the range 70 to 300 °C

[111.

Al-Shahran (2000) in Saudiarabia had prepared Ho-doped BaTiO, ceramics and Curle temperature is at

110 °C [12].

He (2000) in Singapore had reported about PTC effect in the Cr/(Ba,Pb)TiO, material for overcurrent

protection application. The structural model was used to explain the PTC effect [13).

Meier (2001) in England, had found that the PTC thermistor can be used as overtempetature protectors

{14).

Jingchang (2002) in China, had prepared the (Y, Mn) co-doped Sr, ,Pb, . TiO, thermistors and studied the

PTCR effect [15].

The PTC effect in Bi,O,+Fe,0, and ZrO,+MnO, samples has not reported by anyone. So, the
PTC and ferroelectric resutts were not studied.

In this study, the Bi,0,+Fe,0, and ZrO,+MnO, samples were prepared bt the standard ceramic
techniques and the sample phases were identified with XRD apparatus. The resistance versus
temperature relation of the PTC effect was measured. The PTCR value was calculated. The sample was
tested for the temperature sensor.

2. MATERIALS AND METHODS
2.1 Preparation, phase identification and electroding of the samples

Samples were measured with standard ceramic techniques as shown in Figure 1 [2]. Sample
formulas were selected.  Sample 1 and sample 2 were named Bi,0,+Fe,0, and ZrO,+MnO,, respectively.
Sample powders of Bi,O; , Fe,0, .ZrO, and MnO, with 99.5% purity were prepared. Sample powders were
calculated and weighed. Powders were mixed with mortar and then mixed again by contain the powders
in plastic can) and rotate with mixer. PVA (polyvinyl alcohol) and distilled water were added to the
powders as a binder for forming granulation. This powders were taken in press mold and were pressed
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with hydrauﬂ_c pressor (Rilk 25 tons} into small discs. The one formular is composed of three 3 pellets. The
pressed samples were dried for decreasing the sample humidity. The samples were fired with furnace that
used temperature controller (FCR-13A-R/M) and type R thermocouple as a temperature sensor. The
sample 1 was fired 2 times, the first firing was at 800 °C. The sample 2 was fired 2 times, the first firing was
at 550 °C. The second firing of both samples were at 1200 °C. The reason for double firing because the
melting point of 8,0, and MnO, are 822 °C and 535 °C, respectively. The second firing was done for
atomic movement to form crystal structure. After the first fiing, the sample was ground and pressed into
the peliets before the second firing. The both sémples used a heating rate of 5 °C/min and a soaking time
of 1 h. Finally, we obtained the as-fired samples. The prepared samples were identified with XRD
apparatus (X-ray diffractometer, Philip PW1730). The sample thickness and diameter were measured with
micrometer. The samples were electroded with silver paste by smearing on to the surface, fogether the pin
placing and fired at 120 °C for 20 min.

LI
— — —> 3 s
L |
Weight Sample Mixing Mixing Press Hydraulic Furnace and
calculation weighing mortar apparatus  mould press temperature

controiler
Figure 1 The sample preparation [2]
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2.2 PTC property measurement

The sampie was hold with the stand above the fumace about 0.5 cm for obtaining the proper
temperature increasing rate as shown in Figure 2. The resistance (R ) was measured with multimeter (Fluke
45) and temperatu}e (T) with temperature apparatus (AVD M890C"). Afer that the sample temperature was
increased slowly from 25 to 200 °C. The resistance and temperature were recorded and drawn the Rvs T
graph. The positive temperature coefficient of the resistance was calculated from the formula,

OL=(1/R)(dR/dT).

]
Sample

N ——

Multimeter

Fumace Temperature
sensor g 2

Temperature indicator

Figure 2 The experimental set up for the resistance versus temperature measurement

2.3 Temperature sensor testing
After the sample was measured for the temperature versus temperature reiation, the sampies were
tested as the temperature sensor with the following steps :
1) Computer interfacing system for temperature measurement with the prepared sample as a temperature
sensor was designed and constructed as shown in Figure 3. This system is composed of ADC0809,
7415244, ET-PT8255 Card and computer. After that this circuit was tested for correct operation.

+Ved —
] Sample1/Resistor? o
- ADCO0809 741.5244
Resistor1/Sample2 | ]
ET-PC8255 Card Computer

—_ 1C555
Figure 3 Block diagram for temperature measurement system with computer with the

prepared sample as a temperature sensor
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2) Measurement and control program was written and was calibrated for computer reading the temperature

with the prepared sample using as a temperature sensor.

Program Temperature_Sensor_Testing;

uses

var

const

begin

crt;
i, Jj. X, y, DV ! integer;
AV, Ttrue  : real;

PA = $0304;
Pcontrot = $0307;
clrscr;

port{Pcontrol]:=$90;

gotoxy(25,2); writeln( TEMPERATURE MEASUREMENT');
gotoxy(25,3); writeIn("...........coooiiii 7
DV:=0;AV:=0.;Thue:=0;

for i:=110 255do

begin

DV := port{PA]; -
gotoxy{27,15); writeln('Digital Voltage =', DV :=3);

AV := (5/225)*DV,

gotoxy(27,20); writein{'Analog Voltage =', AV:3:2,'V);
delay(100);

Ttrue := (39.919*AV+5.5948);

gotoxy(27.22); writeln('Measure Temperature =', Ttrue:3,'deg C');
delay(200);

end;

end.

3} To do the instrument calibration, the electric current was supplied from a d.c. 5 V power supply through

sample 1 and resistor1 {(or resistor2 and sample 2). Then the sample was voltage dropped. This voltage {V)

was supplied to ADC 0809 for conversion from analog voltage {AV) to digital vottage (DV). 74L.8244 was
used as a buffer. The voltage from this buffer was sent through port A of ET-PC8255 Card, slot and then to

RAM. The voltage (DV) was read and displayed on the screen. The DV was conversed to AV. The sample

temperature was increased with the electric furnace, To do the calibration, the true temperature (Ttrue) was

read with commercial temperature apparatus (Union 305) with type K thermocouple as a temperature sensor

and the voltage drop con the resistor (AV) which relate to the sample was read from the value on the screen

from 25 to 65 °C for the sample 1 and 2510 85 °C for the samptle 2. This data (Ttrue, AV) were recorded into

the table and plotted with EXCEL. The Tirue versus AV was obtained and then was written into this program.
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After RUN, computer will read the temperature (Tmeasure). Final calibration step, the Ttrue and Tmeasure
were read, recorded and pilotted to be bar graph for comparison. Finally, we obtained the temperature
apparatus with computer displaying and the prepared sample as a temperature sensor.
3. RESULTS
1. Sample phase

Composition formula and sample phase from XRD patterns were shown in Table 1.

Sample No. | Composition formula | Sample phase from XRD

1 Bi,O,+Fe,0, BiFeO, , Bi,Fe,0,

2 Zr0,+MnO, Z10,, Mn,0,

Table 1 Sample phase for the Bi,O,+Fe,O, and ZrO,+MnO, samples

2. The resistance versus temperature characteristics of the samples

The resistance versus temperature relation of the samples from 25 to 200 °C were shown in Figure 4.
The resistance of the sample 1 was increased as the temperature increasing or showed the PTC effect from
2510 110 °C and the resistance was decreased as the temperature increasing or showed NTC effect from110

10 200 °C. But, the sample 2 showed PTC effect from 25 to 130 °C and NTC effect from 130 to 200 °C.
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Figure 4 The resistance versus temperature of the sample 1 : Bi,0,+Fe 0O,
and sample 2 : ZrO,+MnO,

3. The constructed temperature apparatus with computer displaying and the prepared sample as a
temperature sensor
The true temperature (Ttrue) and the voltage (AV) was shown in Figure 5 and commespond to the

equation :

Sample 1 : Tirue = 77.723¢ 2"

Sample 2 : Ttrue = 2.5837(AV)*+9.9138(AV)+2.5096
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The graph a and b have different slope because of the different connection of load resistor and sample in a
series form as setting for input sensar in this system.
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Figure 5 Temperature vs analog voltage of the Bi,0,+Fe,O, and ZrQ,+MnO, samples

This equation was used for calibration to use the prepared sampie as a temperature sensor. Figure 6 showed
the comparison between True temperature (Ttrue) and measure temperature (Tmeasure).  From the picture,
the sample 1 and 2 showed the physical properties of PTC thermistor and can be used as temperature from
251065 °C and 2510 85 °C.
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Figure 6 Comparison between true temperature (Ttrue) and measured temperature (Tmeasure)
of the Bi,0,+Fe 0, and ZrO,+MnO, samples

4. DISCUSSION and CONCLUSION

The both samples were disc-shaped. The composition of the prepared sample were Bi,O,+Fe,0,
and ZrO,+MnO,. The sample 1 was the two phase materials which composed of BiFeO, and Bi,Fe,0,. The
sample 2 was the two phase materials which composed of ZrO, and Mn,0,. The MnQO, was altered to be
Mn,O, due to the effect of firing.

The resistance of the sample 1 was to increase with increasing temperature. The sample exhibited
PTC effect from 25 to 110 °C. The positive temperature coefficient of the resistance (QL) was +183.24 %/°C in
the 25 to 110 °C range. The relation between the resistance (R} and the temperature (T) corresponds to the
equation: R = 0.0031T°-0.10071-0.4206. But, the resistance of the sample was to decrease with increasing
temperature from 110 to 200 °C. The sample exhibited NTC effect. The negative temperature coefficient of

the resistance (C1) was —1.16 %/°C in the 110 to 200 °C range. The relation between the resistance (R) and
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the temperature (T) comesponds to the equation : R = 0.0029T°-1.1696T+117.67. The maximum resistance
was 22.24 M) at 110 °C.

The resistgnce of the sample 2 was to increase with increasing temperature. The sample exhibited
PTC effect from 25 to 130 °C. The positive temperature coefficient of the resistance (0) was +7.08 %/ °C in
the 25 to 130 °C range. The relation between the resistance (R) and the temperature (T) corresponds to the
equation : R=0.001 2T°-0.1118T+3.4894. But, the resistance of the sample was to decrease with increasing
temperature from 130 t0 200°C. The sample exhibits NTC effect. The negative temperature coefficient of the
resistance (L) was —1.36 %/°C in the 130 to 200 °C range. The relation between the resistance (R) and the
temperature (T) corresponds to the equation: R = 0.0007T°-0.3647T+44.385. The maximum resistance was
9.08 M2 at 130 °C.

The positive temperature coefficient of the resistance of the PTC material which made from BaTiO,
was the value range from +10 to +100 %/°C [1-2]. When compared the PTC case, the O value of the sample
1 was higher than the BaTiO, and the sample 2 was lower than the BaTiO,. The sample 1 was thermal-
sensitive than the sample 2.

The both prepared samples showed PTC effect. This PTC effect was similar to that occurred in PTC
effect in BaTiO, [1-2). The ferroelectric effect had not been studied. The PTC effect in the Bi,0,+Fe,0, and
ZrO,+MnQ, samples were discovered in the first time at material physics laboratory, department of physics,
faculty of science, Prince of Songkla University, Thailand. The samples was a very sensitive to the
temperature in the PTC region. So, the samples can be used as temperature sensor which are suitable to do
the leamning and teaching work. The prepare samples and the temperature monitoring with computer system
can measure the temperature in the range 25 °C to 65 °C (sample 1) and 25 °C to 85 °C (sarﬁple 2). The
working temperature of this sensors are in the PTC region which are very sensitive to heat.

The characteristics of the thermistors which made from this two materials were ;

1} The firing temperature is not high which use only the low temperature fumace.

2) The samples have a good electrical stability (AR/AL).

3) The samples were not responsive to the light.

4) The samples were very sensitive to heat.

5) The shape of the resistance versus temperature curves were smooth.

6) The samples can be used as a temperature sensor that display with the computer.

7) The samples are semiconducting ceramics because they exhibit thermal sensing property.
So, this PTC materials are important for electronic industrial application and further research.
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