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Crystal Defects and Grain Boundary Properties in
Zn0O-Zn,BiV Os-C0304-Cr,03-CaCO3 Varistor
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Abdtract: In this study, we investigated the crystal defects and grain boundary properties in a ZZCCC (ZnO-Zn;BiV Os-
C0304-Cr,05-CaC0s) varistor, with the liquid-phase sintering aid Zn,BiVOs developed by our laboratory. The ZZCCC
varistor sintered at 1,200°C exhibited excellent nonlinear current-voltage characteristics (.=63), with oxygen vacancy (V," ;
0.35 €V) as a main defect, and an apparent activation energy of 1.1 eV with an electricaly single grain boundary.
Therefore, among the various additives to improve the electrical properties of ZnO varistors, if ZnBiVOg is used as a
liquid phase sintering aid, it will be idea to use Co for the oxygen vacancy and Ca for the electricaly single grain
boundary. This will alow the good properties of ZnO varistors to be maintained up to high sintering temperatures.
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7F 22 AFRED 9lon, ¥lH AKX 7](electrostatic
discharge, ESD) W’dolut A A|(surge) WE] F7F
T =2 ARES FHsH] 9fsto] A4 VAL @
+ 2oy M2 A 24 A7HE Ndshe d+
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o] ChEE9ir} [3,5,7,11,14]. Tfeta] o2 ¢stol
AL A= ZnO-Zn,BiVOe(ZZ)A9] Co, Cr, Cas
Jtato] ulelaEle] AE-AY S4 A L YA
e narstert.

Jm o2 rie

2. &3 4H

Aol ARESH FU2 Zn0, ZnyBiVOs, Cos0s Cry0s,
CaCOz0lH, 5% & 99.9%9] 13t FFel(dd) A&
ojlty, E 9] ZZCCC RAFL 7Zn02] H|go] 98.57
mol%2A o719 0.5 mol%2] Zn,BiVOs2}t 0.33 mol%
9] Co0304, 0.1 mol%e] Cry0z, 0.5 mol%2e CaCOs=
A7eE Az 2f dubsel A2ty AR (EER)
oz AEsY. A AV Zn,BiVOee] dHH
of tigh A2 Als AtolA AotE 4 ot [13] A&

= 10 mme® g3of ¥i oF 50 MPa&
15 71ste] JPJAE AAsHL o] 1,200°CoflA &
IAZE 7Fgstict. A71A 54 548 AlEE &
2 AlEE ~1.0 mm FAZ Aot & A|HO| o
Ag Ho|AEE AFY olA2 T ;tal 550°CoflA] 10
= GAste] AEsHITE AF-AJ(/-1) FAH42 high
voltage source meter (Keithley 237, USA)Z =745}
Ron, 7|4 vl A= ECE, a=logl/]1)/
log(£7/ E)) A& ©o]&sto] AxtstRen [o47]A, /=1
mA/ cm’, /=10 mA/cm?®, Bt Eqs Z2F /b /o0
Aol A AZI(V/em)d], &EAU(Vy V/mm)
1 mA/cm’o|Ao] Fetoz Aatsti, FBFte] 0.8
ARAAAMLY] AFE ¥4 A7 2=()=, 5% (pre-
breakdown)d 9] HME-AQt
pere AAFSHA T

Al9] Az defects)2 admittance spectroscopy (AS)
HoZ sRIsty =y, T vl impedance/gain phase
analyzer (Hewlett Packard, 4194A, Japan)S A&}
ol AA98 A(conductance, G -170~100°C2} 1~100
kHz (7 points) HeJollA] E7st=] YAV 2|ofY o
229 Fmas FE5H AXlSHRS [15].

AA EAME impedance/gain phase analyzer
(Hewlett Packard, 4194A, Japan)S A23}9 im-
pedance and modulus spectroscopy (/S & MSE
sttt 55 AR BAEZO2 YA 9]
ALH0t 5lH28 S 100 Hz ~ 10 MHzeF 16~400°C
oAl Estel mutpo] oEt 7 ¢SS ZEE o
= 2 2204 UEe 539 SN TR foa B

392 5 217

2t Mo BN Zyoo = R/2, My = G/ (20)
Alof] tilste] AlatstcH [10.12]. ESE T, 7'=wWmar
(=27 fra) D Z'mare OFRIYLA A(r=rexp(E/kT),
p=pyexp(E,/kT), =AY, p=8INF, Er1 T oo
thst 2248t o], k=220 AF4x(8.62x107 eV/K),
7=2 )0 ARSI ZFZF Inr vs. 1,000/ 7%t Inp vs.
1,000/ 78 E&stn 1 7|&7|=25E A &9 o

I
A Zgst o|AlE ARSI [15,16].
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Fig. 1. J-E characteristics of ZZCCC sintered at 1,200°C for 1 h.

Table 1. Summary of Sintering and J-E characteristics of ZZCCC
sintered a 1,200°C.

ST. a Vi J Py
(C) (V/mm) (nA/cm?d) (Qcm)
1,200 63 420 0.02 2.2x10°
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ALt Zn0O-7ZnyBiVOs~Mn304 (ZZMn)A S &5}
St uf it [12-14]. ZZCoAle}t ZZMnAl= 22
o 800°ColA B2l AE Sio] SastAgL,
7} oha e S0l Yot [12-14) £3F ZZMnAE
474257} gobalol met Mno] 4T %ol Zn0 Y

22 g 18%0o] Zu(donor)Z Ar8sti, o]AHL
Zn09] ZAH Ags I A BAXNLZ Al
FExe A2 sl el Alel UAl ol% schottky
AHS andog FASHA] ZotAl ol Tt A5A e

2 7ZnO viAE9] 7R 542 Bol=3ct [14]. O
U B o] xAe wrh lﬁ_% A7 291 1,200°C
NME 43t vig|lAaH 548 UERES skt
o= Mn®| A7S HiA|StL CaCOsJ G Ll
o} mArol 7ZnOgt ¥F2 Qo] Ca’l TEE QAo &
23] wet 2 44 2LoA % o]F Schottky A
HE Aot S ob7] WjlEoz mWEct [11,14].

3.2 Admittance spectroscopy (4S)
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Fig. 2. Admittance spectroscopy as a function of temperature
at 1~100 kHz for ZZCCC sintered at 1,200°C.

a2 2= 1,200°ColA] AZAsH ZZCCC A|HQ] ad-
mittance spectroscopy (4S) &4 Zdtojct. 72 2
oA Wxo] £ shte] WAt EelE|, o] o] 2
w7] &3} o|A|L 0.35 eV, & THAL 54x107
cm?o g AitElglon], ZnOAoA &Qle]l= AFA

p

MHass(V)) 2ee UERls Zlolt [8-15]. Eot &
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3.3 Impedacne and modulus spectroscopy
(/18 & mMS)
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Fig. 3. Impedance and modulus spectroscopy of ZZCCC sintered at 1,200°C. (a) Z' and M"-logf (16°C), (b) Z' and M"-logf (280°C),
(c) M"-logf (16~400°C at 20°C increments), and (d) Z'-logf (16~400°C at 20°C increments).
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