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Abstract: TiO, varistors are typical electronic devices with nonlinear current-voltage property fabricated from
TiO, ceramics. This study investigated the influence of Ge doping on the nonlinear coefficient o and the breakdown
electric field Eg of TiO,-Nb,Os-CaCO; varistor ceramics. TiO,-Nb,Os-CaCO; varistor ceramics doped with Ge were
successfully prepared by using traditional method of ball milling-molding-sintering. The electrical performance, in-
cluding nonlinear coefficient a, breakdown electric field Eg, and leakage current J,, was tested with a varistor-direct
current-parameter instrument. Average barrier height @g of each sample was calculated by relevant formula. Analy-
sis of X-ray diffraction, X-ray photoel ectron spectroscopy, scanning electron microscopy, and scanning transmission
electronic microscopy demonstrated that Ge doping notably changed the microstructure of TiO,-Nb,Os-CaCO; ce-
ramics, thereby increasing a and decreasing Ez. When Nb,Os and CaCO; doping content were 0.5mol%, the
TiO,-Nb,0Os-CaCOs varistor ceramics doping with 1.0 mol% Ge exhibited high a (10.6), low Eg (8.7 V/mm), and
highest @5 (1.73 eV), superior to previous published findings. Furthermore, Ge with low melting point as sintering
aid could reduce the sintering temperature of the varistor ceramics, with optimal sintering temperature at 1300°C.
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Tablel Doping contentsof samples

Doping content/mol %

Sample

TiO, Nb,Os CaCO, Ge
#1 99.0 0.5 0.5 0
#2 98.8 0.5 0.5 0.2
#3 98.6 0.5 0.5 04
#4 98.4 0.5 0.5 0.6
#5 98.2 0.5 0.5 0.8
#6 98.0 0.5 0.5 1.0
#7 97.8 0.5 0.5 12
#8 97.6 0.5 0.5 14
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Table2 Influence of sintering temperature on the electrical properties of samples (Eg/(V-mm™2))
1200°C 1250°C 1300C 1350°C 1400°C
Sample
a Eg a Eg a Eg a Eg o Eg
#1 — — — — 48 28.7 5.8 245 6.6 23.7
#2 — — 4.1 25.2 5.2 23.6 5.1 23.2 4.9 245
#3 3.7 28.9 4.7 24.0 6.3 20.5 6.2 21.5 6.1 21.3
#4 45 27.4 6.2 21.4 8.4 16.8 8.2 16.4 8.0 16.8
#5 5.4 26.8 6.9 20.1 9.1 12.4 8.9 12.1 8.5 12.7
#6 7.1 26.2 8.5 19.5 10.6 8.7 9.7 8.4 9.3 9.2
#7 6.7 25.4 8.1 18.3 9.2 8.3 8.6 7.6 7.8 8.0
#8 6.2 235 7.6 15.6 8.5 7.2 8.0 7.2 7.1 75
#3 RLEIRER 1300C, TF Ge &g L p—r—
Ti0,-Nb,05-CaCO, B MM 1 ol <8k
Table3 Electrical propertiesof TiO,-Nb,Os-CaCO; ceramics —v—#4 —>—#8
with different doping contents of Ge sintered at 1300C ~ol
Sample Dgum pr  a  Eg/(V-mm) J/(uA-cm2) dgleV g
#1 105 935 48 28.7 12.7 0.63 ?40—
#2 146 943 52 236 18 087 =
#3 192 951 6.3 205 11.2 1.05 20r
#4 248 958 84 16.8 10.5 1.36
#5 2.83 968 9.1 12.4 9.8 1.56 or L
#6 315 97.2 106 8.7 9.2 1.73 0 th( mAmg) 10
#7375 97.8 9.2 8.3 8.9 1.51
48 412 985 85 7.2 85 142 El1 A Ge & ik TiO,-Nb,05-CaCOs i i () 3-E 1151

K] 3(a) /& FEMh#L. #2. #3. #6. #7 FI#8 [f] XRD
Kk, MEHaTE H, rE R IE Tio, &4.4
FIIAT ST . B 3(b)S2 &l 3(a)7E 260 = 27.5° [ UL 1 )=
BRI B 3(b) T LUE Y, SHES#LAELE, B
WH2. H3. H#O. #7 FIH [PIAT I 0EA AL BE A MK A
FEHT 1A, B Ge & MG, A7 50 m MK M B 7
Banpasm e, LiRg RUiBiRin Ge mr bk

11

Fig. 1 J-E characteristics of TiO,-Nb,Os-CaCO; ceramics
with different Ge contents
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Fig. 2 (a) Nonlinear coefficient a and breakdown voltage Eg, and (b) grain boundary barrier height &g and
leakage current density J, as afunction of Ge contents
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Fig. 3 XRD patterns of TiO,-Nb,Os-CaCO; ceramics with different Ge contents (#1,#2, #3, #6, #7, #8) (a) and
the enlarged partial spectra (b) of (a)
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Fig. 4 XPS spectra of sample #6
(a) Full spectrum; (b) Narrow spectrum of Ge in the sample #6
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Fig. 5 SEM images of TiO,-Nb,Os-CaCO; ceramics without Ge (#1) and doped with different Ge contents (#2, #3, #6, #8)
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Fig. 6 Element contentsin grain and grain boundary of TiO,-Nb,Os-CaCO; ceramics
(a) Without Ge (#1); (b) Doped with 1.0mol% Ge (#6)
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Table4 Element contents of sample #1 and sample #6

Element/at%
Position OK Ti K Nb K CaK GeK
#1 #6 #1 #6 #1 #6 #1 #6 #1 #6
1 74.35 73.40 23.25 2341 0.12 0.09 2.28 2.89 - 0.21
2 73.43 70.48 24.61 25.46 0.20 0.15 1.76 3.75 - 0.16
3 73.64 69.41 25. 48 28.50 0.67 0.69 0.21 0.08 - 1.32
4 77.55 76.12 21.63 21.73 0.55 0.48 0.27 0.16 - 151

1) X} TiO,-Nb,Os-CaCOs LB &, MINMRIE KRR E, TiO-NbOs-CaCOs-Ge i i & i
PSR Ge B TR ER T CORMMMEMR A, ML 1300C .
WRMAZFEAMEHE, IRmdrdt:R1 %8 o . sz
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