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Rezumat. Acest studiu prezititrezultatele experimentale Abstract. This paper presents the experimental results of
ale dogrii titanatului de bariu in scopul de atote un  doping barium titanate in order to obtan a
semiconductor. Materialele semiconductoare peilolez  semiconductor. The semi conducting materials based
titanat de bariu impurificat controlat sunt matkria controlled doped barium titanate are termosensible
termosensibile cu o depend&mputerni@ a rezistivittii materials with a strong dependence of el ectricstiesiy
electrice cu temperatura (efect PTGR)pot fi utilizate  with temperature (PTCR effect) and may be used for
pentru obinerea de componente electronice. Acesteobtaining electronic components. These materi aishea
materiale pot fi elaborate prin metoda geacin stare elaborated by method of solid state reaction. The
solida. Impurificarea controlata titanatului de bariu, care controlled doping of barium titanate, which is an
Tn stare pur este un izolator, poate conduce spre pragiriet insulating material in its pure state, can lead to
semiconductoare sau dielectrice in fimcde tipul  semiconductorial or dielectrical properties in terof the
elementelor de aliergi nivelul de impurificare. S-au type of doping elements and the level of dopingef€h
folosit ca elemente de aliere Pb, Ca, Co, Se, dbdfle  were used as doping elements Pb, Ca, Co, Se, &. Th
calcinatesi compactele sinterizate au fost caracterizatecalcined powders and sintered compacts were micro

microstructural prin tehnici de diffgae cu raze Xsi structurally characterized by X-Ray diffractometpd

masurate electric. Aplicabilitatea acestor materiedte  electric measured. The application of these masersa

vasti: Tn industria electronic si electrotehnig, large: in electronic and electro technical industry

telecomunicgi, automatizri, industria de automobile. telecommunication, automatization, automobile itus

Cuvinte cheie: semiconductoare, titanat de bariu, Key words: semiconductors, barium titanate, controlled
impurificare control at doping

1. Introducere 1. Introduction

Titanatul de bariu este un material feroelectric. Barium titanate is a ferro-electric material. The
Rezistivitatea titanatului de bariu utilizat ca resistivity of barium titanate used as dielectric o
dielectric sau piezoelectric este mai mare d¥ 10 piezoelectric is bigger than 0 Qcm, so
Q-cm, adi@ considerabil mai mare decét considerable bigger than the resistivity of
rezistivitatea semiconductorilor (& 10°) Q-cm.  semiconductors (I + 109 Q-cm. In pure state
In stare pur acest material este un izolator, daradac this material is an insulating, but it may becoane
in componeta lui se introduc microadaosuri de semiconductor if introduce inside of t some micro
elemente de aliere el devine semiconductor. additions of doping elements

Semiconductibilitatea este fwuta prin The semi conductibility is obtained by controlled
impurificarea controld n vederea ammerii unui  doping in order to oktain a specific number of free
numir specific de electroni liberi, care fac materialulelectrons which transforms the material in a
conductiv. Structura materialului este policristali conductive one. The structure of the material is
de tip perovskitic. La gratd dintre cristalite, se polycrystallne of perovskite type. At the boun@sri
formeaz bariere electrice de potential ce impiadic between crystallies it is formed electric potentia
electronii liberi 4 difuzeze in arii adiacente, barriers which impede free electrons to diffuse int
rezultand astfel o rezistivitate mare. Rezistietat adjacent areas and so results a high resistivitg. T
materialului este comp@is din rezistivitatea resistivity of the material is composed by the
cristalitelor individualesi rezistivitatea granelor  resistivity of individual crystallites and the resrity
grauntelui. Rezistga graniei grauntelui este of grain’s boundaries. The resistance of grain’s
putemic dependeit de temperatdr iar la boundary is strong dependent of temperature, but at
temperaturi mari se produce o g¢ege putermig a  high temperature it is produced an important rise o
barierelor de poteral si prin urmare a rezisteai. potential barriers and also of resistance.

Cand prezint o structud policristalini se When presents a polycrystalline structure it can
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obserd o modificare eseiala a conductiviitii
electrice, caracterizat printr-un coeficient de
temperatut pozitiv al rezistiviiti. Astfel, la o
anumifi temperatut, care este strans legade

be observed an essential change of the electric
conductivity characterized by a positive tempematur
coefficient of resistivty. So, at a cerain
temperature which is closely connected with the
natura elementelor de aliergi de gradul de nature of doping elements and level of doping, it
impurificare, se produce o ctere foarte abrupgta can be produced a very steep rise of resistivity
rezistivitatii (efect PTCR). Acest efect se produce la(PTCR effect). This effect is produced at
temperatura la care materialul sdfdranztia din  temperature at which the material allows the
faza tetragondl feroelectri@ Tnh faza cubig@ transition from ferro-electric tetragonal phase to
paraelectrig. Temperatura la care are loc traiazi paraelectric cubic phase. The right temperature for
tetragonal-cubic pentru BaTiCeste de regillin  tetragonal-cubic transition of BaT4Qs usually
jurul valorii de 120°C, dar poate fi regiatcu about 120°C, but it can be regulated by helping of
ajutorul elementelor de aliere. doping elements.

Domeniul de aplicare al acestor materiale este  The range of application of these materials is:
industria electronic si electrotehnia, telecomu- electronic and electrotechnical industry, telecommu
nicatiile, automatizrile, industria de automobile. nication, auomatiszation, automobile industry.

2. Prepararea probelor

T 2. Preparation of samples
In acest studiu s-au preparat 12 comgiozare

In this study 12 compositions of powders have
au fost procesate dapcum urmeaZ céantirirea been prepared as follows: weighing the
componefilor, macinarea cu bile a oxizilorsi ~components, milling with balls of high purity ox&le

carbongilor de inali puritate, calcinarea amestecului and carbonates, calcination of dry mixture, milling
uscat, ricinarea cu bile a produsului calcinat pentruwith balls of calcined product for reduction the

a reduce dimensiunile particulelor,aadarea unui
liant organic corespudtor si formarea de discuri
prin presare, sinterizarea pieselor formgfén final,
depunerea contactelor electricai realizarea
masurdtorilor electrice.

Compoziiile elaborate sunt

tabelul 1.

1) Caniirirea materiilor prime. Materiile prime
utilizate, de provenigha autohtomd si din import,
au fost de puritate P.A. Puritatea materiilor prime
este un factor care are o inflegdecisivd asupra
proprietitior finale ale materialuluisi asupra
reproductibiliitii lui. Titanatul de bariu a fost
impurificat controlat cu Pb, Ca, Co, SeZr in
scopul olgnerii proprietitilor semiconductoare.
Materiile prime au fost dozate in progoiine
stabilte conform compotilor prezentate mai sus.

2) Macinarea. Materiile prime dozate au fost
macinate umed in dpdistilata, in moa% planetas,
timp desase ore. Scopul oper@ a fost olinerea
uniformizarii distributiei componetilor in masa
materialuluisi a unei granulometrii definite.

3)Uscarea. S-aatut in etud de uscare ventilatla
temperatura de 120°C.

4)Calcinarea. Materialele dninatesi uscate au fost
calcinate in cuptor electric canigin intervalul de
temperatur 900°C + 1100°C, meimandu-se cinci
ore. Calcinarea asigurolktinerea omogenitii
compoziiei si a densititii materialului.

prezentate

dimensions of particles, adding a proper organic
binder and forming disks by pressing, sintering of
formed pellets and, finally, coated electric cotsac
and achievement electric measurements.

The elaborated compositions are presented in

n tablel.

1) Weighing of raw materials. The used raw
materials, autochthonous and imported, were of
analytical purity. The purity of raw materials is a
factor which exercise a decisive influence over
final property of the material and over its
reproducible. The barium titanate was controlled
doped with Pb, Ca, Co, Se and Zr in order to
obtain semi conducting properties. Raw materials
were dosed in right established proportion
accordingto compositions above mentioned.

2) Milling. The dosed raw materials were wet
milled in distilled water, in planetary mill during
six hours. The purpose of the operation was to
obtain an uniform distribution of the components
into the mass of the material and obtaining a
definite granulometry.

3) Drying. It was made in ventilated drying oven at

temperature 120°C.

4) Calcination. Milled and dried materials were

calcined in the range of temperatures 900°C -+
1100°C in chamber electric furnace, during five
hours. Calcination ensures obtaining the
homogeneousness of the composition and the
density ofthe material.
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5) Micinarea materialelor calcinate. Materialele5) Milling of calcined materials. The calcined

calcinate au fost reicinate in vederea reducerii
dimensiunilor particulelor. Opetia a fost
executal utilizand ca mediu de #cinare apa
distilata, in moa# planetad, timp de opt ore.

materials were milled again in order to reduce the
dimensions of the particles. The operation was
executed using as medium of milling distilled
water, in planetary mill, during eight hours.

6) Granularea. Pulberile dninatesi uscate au fost 6) Granulation. The milled and dried powders were

amestecate cu un liant de tip alcool polivinilig ti

mixed with a binder such us polyvinyl alcohol

30/98, olinandu-se un amestec de granule ce pot 30/98 type, obtaining a mixture of grains which

fi usor presate.

can be easily pressed.

7) Presarea. Pulberile granulate au fost presate ) Pressing. The granulated powders were pressed

matrite din otel, sub formde discuri cu diametrul
@ = 12 mmsi grosimea g = 2,5 mm, cu ajutorul
unei prese rotative automate.

in steel dies into disks with @ =12 mm diameter
and g = 2.5 mm thickness using an auomatic
rotary printing press.

8) Sinterizarea. Discurile presate au fost sinbkeiz 8) Sintering. The pressed disks were sintered in

in cuptor electric cam&rincilzit cu elemente
superkanthal, in cuptor electric industrial turigl t
Riedhammesi in cuptor electric tubular Tratzit
cu elemente de crusidif in intervalul de
temperatui 1220°C + 1370°C. Tn tabelul 2 sunt
prezentate calcinile si sinterizrile care au fost
efectuate pentru compaide 1+12.

9) Depunerea contactelor electrice. Celeadfste

chamber electric fumace heated with superkanthal
elements, in tunnel industrial electric furnace

Riedhammer type and in tubular electric furnace
heated with crusilit elements, in range of

temperature 1220°C + 1370°C. In table 2 are
presented the calcinations and sinterings which
were made for compositions 1+12.

9) Coated with electrodes. The two faces of sitere

ale discurilor sinterizate au fost acoperite cu disks were coated with silver paste (78%AgQ)

electrozi din pa& de argint (78%Ag),
tehnica serigrafiei.

10) Masuritori electrice. Misurarea rezisteai /
capacittii la temperatura camerei a fodctita pe
discuri cu contacte ohmice. Pentruasurarea
rezistenei s-a utilizat un aparat multimetru
numeric E0302, iar pentru dsurarea capaditii
electrice s-a uilizat o punte Tesla BM 595
RLCG.

prin

electrodes by printing technique.

10) Electrical measurements. The measured of

resistance/capacity at room temperature was made
on disks with ohnmmic contacts. For measure the
resistance it was used an apparatus numerical
multimeter E0302 (0.2 ® + 2 MQ) and for
measure the electric capacity it was used a small
bridge Tesla BM595 RLCG.

Tabelul 1. Comporiile elaborate
Table 1. The elaborated compositions

No. comp. The elabotated compositions
1 BaTiQ — 43.5%, PbC®- 6.5%
2 BaTiQ — 37%, PbC@—-13%
3 BaTiQ — 30.5%, PbC®Q- 19.5%
4 BaTiQ — 24%, PbC@—-26%
5 BaTiQ — 17.5%, PbC®- 32.5%
6 BaCQ — 87.26%, TiQ— 29.05%, PbCO- 25.02%, CaC®- 6.6%
7 BaCQ — 87.0421%, TiQ— 29.05%, PbCO- 25.02%, CaC®- 6.6%, CgO, — 0.2179%
8 BaCQ - 87.041%, TiQ— 29.05%, PbCO- 25.02%, CaCO- 6.6%, CgO, — 0.2179%,
Se — 0.001%
9 BaCQ — 87.0321%, Ti®— 29.05%, PbCO- 25.02%, CaC®- 6.6%, CgO, — 0.2179%,
Se — 0.010%
10 BaCQ — 86.9421%, TiQ— 29.05%, PbCO- 25.02%, CaC®- 6.6%, CgO, — 0.2179%,
Se — 0.100%
11 BaCQ — 86.9421%, Ti@— 29.05%, PbCO- 25.02%, CaC®- 6.6%, CgO, — 0.2179%,
ZrO2 - 0.100%
12 BaCQ — 87.0321%, Ti@— 29.05%, PbCO- 25.02%, CaC®- 6.6%, CgO, — 0.2179%,
ZrO2 - 0.010%
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Tabelul 2. Tabelul tratamentelor termice (caldinsinterizri)
Table 2. The table of thermic treatments (cal coredj sinterings)

No. Calcinations ' '
comp. T(°C) Sinterings T(°C) tunnel furnace, chamber furnagbutar furnace
chamber furnace
1 1000°C 1300° C tunnel furnace, 1330°C chambeaafe, 1370°C chamber furnace
2 1000°C 1300° C tunnel furnace, 1330°C chambeaafe, 1370°C chamber furnace
3 1000°C 1300° C tunnel furnace, 1330°C chambeaafe, 1370°C chamber furnace
4 1000°C 1300° C tunnel furnace, 1330°C chambeaafe, 1370°C chamber furnace
5 1000°C 1300° C tunnel furnace, 1330°C chambeaafe, 1370°C chamber furnace
6 900°C 1220°C tunnel furnace, 1300°C chamber &and320°C chamber furnace, 1370FC
chamber furnace
6 950°C 1220°C tunnel furnace, 1300°C chamber &and320°C chamber furnace, 1370FC
chamber furnace
6 1000°C 1220°C tunnel furnace, 1300°C chamberaten 1320°C chamber furnace, 1370°C
chamber furnace
6 1050°C 1220°C tunnel furnace, 1300°C chamberaten 1320°C chamber furnace, 1370°C
chamber furnace
6 1100°C 1220°C tunnel furnace, 1300°C chamberaten 1320°C chamber furnace, 1370°C
chamber furnace
7 1000°C 1250°C tunnel furnace, 1300°C chamberafign 1330°C chamber furnace, 1350°C
chamber furnace
8 1000°C 1250°C tunnel furnace, 1300°C chamberafign 1330°C chamber furnace, 1350°C
chamber furnace
9 1000°C 1250°C tunnel furnace, 1300°C chambenatte, 1330°C chamber furnace, 135(Q°C
chamber furnace
10 1000°C 1250°C tunnel furnace, 1300°C chambenate, 1330°C chamber furnace, 135(Q°C
chamber furnace
11 1000°C 1250°C tunnel furnace, 1300°C chambenate, 1330°C chamber furnace, 135(Q°C
chamber furnace
12 1000°C 1250°C tunnel furnace, 1300°C chambenate, 1330°C chamber furnace, 135Q°C
chamber furnace
3. Caracterizarea microstructurala prin 3. Microstructural characterization by
difractie de raze X a materialelor obinute X-Ray diffractometry of obtained
Tn urma tratamentelor termice materials by thermic treatments

Materialele calcinate si discurile sinterizate la The calcined materials and sintered disks at
diferite temperaturi au fost analizate prin diffac different temperatures were analysed by X-Ray
de raze X. diffractometry.

Pentru probele din materialele cu compdei For samples of materials with compositions 7,
7, 10, 11, 12, calcinate la 1000§Csinterizate la 10, 11, 12 calcined at 1000°C and sintered at

1330°C pe cuptor tunel, sunt prezentate specteele d330°C in tunnel furnace are presented diffraction

difractie in figura 1. spectrums in figure 1.
4. Proprietati electrice 4. Electrical properties

Discurile cu contacte electrice din cele 12 The disks with electric contacts from 12
compoziii au fost misurate electric. compositions were electric measured.

Pentru discurile sinterizate cu contacte ohmice  For disks sintered, with ohmmic contacts of
din pasta de argint (78%Ag) a fostisarafi  Silver paste (78%Ag), it was measured the eledtrica
rezistena electria la temperatura camerei, n curent resistance at room temperature in continuous
continuu si in curent atemativ, folosind un current and altemative current using a numerical
multimetru numeric E0302. multimeter E0302.

Capacitatea @ tangenta unghiului de pierdere, The capacity C and tangent of loss anglé tg
tgd, au fost nisurate tot pe discuri cu contacte were also measured for disks with ohmmic contacts
ohmice, uilizand o punte Tesla BM 595 RLCG. using a small bridge Tesla BM 595 RLCG.
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Rezultatele rasuratorilor sunt prezentate in The results of measurements are presented in
fisele de misuratori 1, 2, 3. the lists of measurements 1, 2, 3.
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Figura 1. Spectrele de difée ale probelor din compatie 7, 10, 11, 12 calcinate la 1000%Csinterizate la 1330°C
pe cuptor tunel: a) compoia 7; b) compozia 10; c) compozia 11; d) compozia 12
Figurel. Diffraction spectrums of 7, 10, 11, 12 pkem calcined at 1000°C and sintered at 1330°@ringl furnace:
a) composition no. 7; b) composition no. 10; ¢) position no. 11; d) composition no. 12

Fisa de misuitori nr. 1
The list of measurements no. 1

No.comp. | Tcalcination°C T sintering °C Rc.c. Rc.a. C(nf)
1. 1000° C 1300°C tunnel furnacs >2@M 496 KQ 5.30
2. 1000° C 1300°C tunnel furnacsg >2(O0M 498 KQ 4.90
3. 1000° C 1300°C tunnel furnacsg >2(M 50.1 K2 5.72
4, 1000° C 1300°C tunnel furnacs >2(O0M 498 KQ 6.30
5. 1000° C 1300°C tunnel furnacs >2(M 50.3 K2 5.20
1. 1000° C 1330°C chamber fumage 3.80M 433 KQ 2.50
2. 1000° C 1330°C chamber fumage >20M 48.9 kK 4.18
3. 1000° C 1330°C chamber fumage >20 M 60.1 K2 3.90
4, 1000° C 1330°C chamber furage >20M 48.9 k 4.29
5. 1000° C 1330°C chamber fumage >200M 535 k2 4.30
1. 1000° C 1370°C chamber fumage 3.02M 485 KQ 4.03
2. 1000° C 1370°C chamber fumage 1479 M 46.9 KQ 3.80
3. 1000° C 1370°C chamber fumage >20 M 723 K 4.89
4, 1000° C 1370°C chamber fumnage >20 M 113.2 10 4.52
5. 1000° C 1370°C chamber fumnage >20 M 112.0IQ 4.67
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Fisa de misuitori nr. 2

The list of measurements no. 2

T T R .
calcination sintering C tg-10 f

°C) (°C) c.C. c.a.

900°C 1300°C 100 3.4 MQ 250 pF 2011 1 kHz
950°C 1300°C 90 B 6.7 MQ 311 pF 1072 1 kHz
1000°C 1300°C 12 1A 2.25 MQ 279 pF 3246 1 kHz
1050°C 1300°C 30 K 6.2 MQ 311 pF 1216 1 kHz
1100°C 1300°C 40 3.68 M 228 pF 2286 1 kHz
900°C 1320°C 35 @ 2 MQ 347 pF 4200 1 kHz
950°C 1320°C 17 6.4 MQ 312 pF 965 1 kHz
1000°C 1320°C 10 1A 2.2 MQ 299 pF 3323 1 kHz
1050°C 1320°C 340 K1 6.3 MQ 305 pF 1158 1 kHz
1100°C 1320°C 150 K1 2.9 MQ 228 pF 3130 1 kHz
900°C 1370°C 20 @ 1.2 MQ 377 pF 4650 1 kHz
950°C 1370°C 450 3.6 MQ 360 pF 1527 1 kHz
1000°C 1370°C 40 1.7 MQ 278 pF 4035 1 kHz
1050°C 1370°C - 3.4 362 pF 2064 1 kHz
1100°C 1370°C 60 2 1.6 MQ 316 pF 4335 1 kHz
900°C 1220°C 5000 K1 19 MQ 355 pF 346 1 kHz
950°C 1220°C 6000 K1 21 MQ 443 pE 216 1 kHz

Fisa de misutori nr. 3
The list of measurements no. 3
Tubular furnace T= 1250°C

No. 7 8 9 10 11 12

R(kQ) 807 3.26 2.18 3.12 1.52 2.10
Tubular furnace T= 1350°C

No. 7 8 9 10 11 12

R(kQ) 861 31.2 4.23 25.8 4,77 4,52
5. Concluzii 5. Conclusions

Toate rezultatele experimentale au demonstrat  The whole experimental results demonstrated that
ca existi o corelaie intre proprieitile electrice, there was a correlation between electrical pragsrti
compoziia pulberilorsi microstructura probelor. powders composition and samples microstructure.

Masuritorile efectuate asupra comptifor The measurements effected over elaborated
1+12 elaborate au demonstrat dtoarele: compositions 1+12 demonstrated following:

a) Pentru compotile 1, 2, 3, 4, 5, 6 risuritorile a) For compositions 1, 2, 3, 4, 5, 6 electrical snea
electrice au evidarat caracterul capacitivsi ments pointed ou the capacitance character andthe
faptul c ele pot fifolosite drept condensatoare; real fact that they can be used as condensers.

b) Compodiile 7, 8, 9, 10, 11, 12 au o rezistivitate b) Compositions 7, 8, 9, 10, 11, 12 have an etsxtri
electrici Tn intervalulp O [4-10° + 3-10°] Q-cm, resistivity in the range O [4-10° + 3-107 Q-cm,
asa incét ele sunt semiconductoare. so, they are semiconductors.
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