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Abstract: In this study, we have investigated the effects of Cr dopant on the sintering and electrical
properties of ZnO-Sh:04 (ZS) ceramics for varistor application. Spinel phases including a- and B-type
was formed at ZS system and a-spinel was stabilized by Cr doping in ZS system. Densification of ZS
and ZSCr system was retarded to 1000C by the formation of spinel at 800°C. The morphology and its
distribution of spinel phases in ZS system was homogeneous but disturbed by Cr doping. In ZSCr the
densification of ZnO compared with ZS system was more retarded by low concentration of Zn interstitial
defects induced by Cr doping in addition to the effect of spinel phase formation. The defects in each
system were identified as attractive coulombic center (ZS: 0.13 eV, ZSCr: 0.12 eV) and singly charged
(ZSCr: 0.33 eV). In all ZS and ZSCr system have week varistor behavior by the
formation of double Schottky barrier at grain boundary but its stability of barrier was very sensitive to
sintering temperature.
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1. M 2 [3-5]. HREM®] ZA#}:= Sb7F #H7lg ZnOo A+
= AARLS ZnSh0pe] @84 FAE 7HgeE A
o] #&AEAYG [6,7]. Zn;ShOpi= n-type VHEAHZ
o o]o] ZnOs%tel o2 ~700C ol Aol a-23 & 2 B HSdAM vE2H AFE g
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Aol RS n27A JAAIE -EE'-_C’%E—. Agste] Aol 243et ZnO A =
Alolct [1-3]. ZnO9] Ufol #A4W (twin boundary) 91”]‘?}1-‘-} [9,10]. ol®e] ZnO HAF A 7|42+
o} AAEA ZAol ul¥E inversion boundary 23 fAkel g JA FA 7] (particle drag
(18)7} Parg| 3, o] MAWe Ao os) v|H&E A mechanism)et ZnOol| AAGE BAo] &g QA o] F
oAk @-V) yehdgn wasn do Ee #AE § 4 Ao (11 £F ZnO vzl AH

Zn0-Sh:03(ZS) A= Sb0z9 A+ (~460~5407C)
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T %9 2d [12]. Brankovi¢ 2 ZnO n®}g] ~E 9
AlATZS A71F EAd uAE g Avd
o] 9FL zAEAT [13). 223 ¢ &2 24
Q! ZnO, YA R 29339 AL olg A
¥IE THEESS AR ¥ o3 FEHoz WA
gh A7ME 299 Fiol wel vAdd A F
AARFE dgsti dsiy, 53 2% 2349 3F
27 ANHe BEEA9 i’éol A9 g W ¥
AEA4F 3L FHAFE Jedda ddd. 53
293 zAd ug} ?MI 43} =7t 061~
1.0 eVe 'ss% HHE 73S B4, ZSA o
75 ASES /1A E 1 o8] 22 AVFH
549 ﬂlzl” Bl st FAHoZ AFF A}
A gl dAod. Wt B dApdMe zZSA 9
o7]e]l Cr& 71§ ZSCrAE AEste 27 A
ANEH 28 A713 54& A9,

2. &Y 9H

2 AtdM 5F A ZnO(£E 99%, 1% 5
g, dE)9 ShOs (£% 99.6%, Sumitomo Metals &
Mining Co., Ltd, ¥¥) % Cr:03 (£% 99.99%, il
= 313}, dE)E AFgEte] gvtdQ Ay IHe=
T S dEZ AMEEAY 2AL ZnOd 1.0
mol% Sb:0sE A7 ZSAS o7]el 05 mol%
Cr:0:& #7138 ZSCrAE Az ol &2 : &7
Zl % AEEA gL FudlEe 47 6:4 1:
122 34k A¥AE &% 9858 11 mmo9 95
3 38 FY3sd WA 25 MPaZ 1% 71 438
¥ 98 MPaz Ao A st A=ssch 43 A9
& 700~1400TelA 1 At 7] FoNA 2F3He
Y, $2 2 Y7t £5& 5 T/ming 233 Y} A
Hel st X-4 34 £47] (MO3X-HF, MAC
Science Co. Ltd., Japan)® ®A3slgon 422 A#H
9] W% Archimedes 02 F3gc}h. vtz &
Ae ko 04% =AF 7898 Algsgoen SEM
(5-4200, HITACHI, Japan)S.2 ##39x, theFz el
4+ ¥ ¥+ Backscattered Electron Image: RBH-4200
5MC, ROBINSON, Australia (BEDZ @3}
Admittance spectroscopy (AS) [14,15]¢} I-V #®
C-V 54 [16]1& FA37] 945t AlHL ~1.0 mm
FAZ AZF F FH Ag A5 (ohmic contact8)&
Z7°] 6 mmé7t HA HI 23U02 TX¥do X
A2 Y 600TeNA 108 A2 sA.
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Fig. 1. XRD patterns of ZS and ZSCr with sintering
temperature.

3. @3 % 1@
3.1 XRD BA

Iy 1 &272 259 7ZSA ZSCrA (1200T,
1300C) A ¥ XRD sj€ o]t}

3.2 ¥x #g

a9 20 ZS9 ZSCrAle 23 =Y Agux
B3tE Yehfidlon, HuE Eog &43 Zn09
A= g7 AA s

Zn0® 7% 900ToAN olgdxe] Z=g3le= ubd
S0 H7H ZS9 A%+ 1000T7HA 2237} o
A=A 1100CAA X837t AAHS 1300TAA
A9 olgdrd EgdE AL ¢ 5 U [3]. ol
71&9 Buel Y3t AH2A, Zn0 EHo| AAE
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Fig. 2. Relative density of Zn0O, ZS, and ZSCr with
sintering temperature.
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a3 32 7S¢} ZSCr& 1300TCelA £4% AH9
A TEE YeEd A2 ZnO0E Btk g 3l
29de Zn0 Bt ¥ Moz g | m HF9
Az 2718 Holn diFE ZnO9 YA £Edn
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A& el BA (twin)g 23 glod [3], 33
Ho o&] 2 AAA (T.B.)o] 4&atA FZE AU,

ISE A9 ol2¥ko =23 nAFERE Hol:
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Fig. 3. Backscattered electron images (BEI's) of ZS and
7SCr sintered at 1300C (Spinel: Zn;Sb:0y,, T.B.: twin

boundary).
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3.4 Admittance Spectroscopy (AS)

a3 4 22 U=/ A9 FYd ZS (1200T)%
ZSCr (1300C)& ©]83t9 (a) 84~400 K &% T3hol
A Futgro] ofdk admittance spectra & 1 MHze] 2
3}g, (b) #3 259 Fa5FE o] &8 In (/7)) vs.
1000/TE YeErd Zeoloh

ZS 2 ZSCrAldl Jdeide 2L 1 sxd we
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% dyolmz ojo] uid WEg Fele] HWasio
[10]. 2% 4(a)$} Zo] ZS¢} ZSCr &5 110 K ¥-&
A Pl 9|27t F3le] & Ag 330 K 29| P2
saE ZSoA e dld A FE7 Yol gl
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Fig. 4. (a) admittance spectra of ZS and ZSCr with
frequency (1 MHz) and temperature and (b) In(w/7%) vs.
1000/T.

o] 93 gl dFel= S5 FHFEE o] g 1
d 4b)k Zo] a=z =AIEk A4 A3} Pl
o A% FH9 Y AL 7S] A$ 013 eV,
40x10" em? ZSCr& 0.12 eV, 0.7x10 2 cm’2 2%
e 25U o3 AFgor FQHJon P2

= ZSCrol A 533 &elsy 033 eV, 21x10 M em®
2 AE2FF (v)ez 98 4 9o [14-16).
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Fig. 5. J-E characteristics of ZS (including 1200T) and
ZSCr sintered at 1300C.

S Yehhdd ZS (1300C) A& YA v A3to]
0.17 MQcm, B]A Y AF7t 1.28 §33] v 2 &
Aol A=A}, wetd ZSA ] J-E 54 Cre 3
7} ool FREA 2d4LE F AUYELd HdIe
aA A5 Mng #7418 ZnO [20] R2oh upe]2H
E4 s 2 288 FX 2= A& ¢ 5+
ot YRbHQl 48 ZnO vl 2E 9] 8|4y A7t o
g 30~8021 A [10]# vlmE ZA¢ 43 x| v}
2l 2o FEAYH nATFE AE Y Cro #H
Zt23E 718 & U ez #odg.

3.6 C-v §d

a8 6 1300CelA A2A% 7S ZSCr A#H 9
C-V 54& Yed Aol 7z AJHE QrpAstoe]
oty wet FHEFo] FideE AFHA oF
Schottky #¥lo] 2= Al C-V 5A4E Jehdidg.
ZSCrAl= 19 67 Zo] AN 99 (71&7] a3
2HG 99 (71€7] b)e F W FA AL F9
ZrE Ze 553 d42 Jehdoid. old uid
C-V 54& % 19 A4

A9 A9 Eol(dyE 0.04~011 V, FHZE
(W) 20~33 nm®] ¥HAE 7Hoh ZSCrAldA A7}
Aol ¥ 49 (@F & 99 (b)o] = UA
54L& 1 dujste bulE A3 Y F= AT,
microcontact ez ZnO vlg|2E]9] ulA Tz A
AAEE 7 dA9 &8 Age A28 245 B
aF Y EoB2RE 33 B d [21], A7} Mgl ¥
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Fig. 6. C-V characteristics of ZS and ZSCr sintered at
1300°C.

Table 1. Summary of C-V characteristics of ZS and
ZSCr sintered at 1300C.

Ny N [0 w

System | (x10" cm™®) x10" em® | (V) | (nm)
Zs 1.03 2.0 0.04 20
ZSCr a 097 32 0111 33
b 0.59 15 0.04 25

L 39 (3)2 ZnO-spinel-ZnO heterojunction YA &,
ol7} Agte] =L 949 (b)2 ZnO-ZnO homojunction
AAE Yehle Aoz waEy. ol #IAMe F
7HHQ ALE A7/ 8% AoE Alsdn.

4.8 B

7ZnO°l Sby0:E 1 mol% #H713 ZSA e o 7]el
Cr:0:2 05 mol% H7t& ZSCrAlel 273 H7|H
EAQL BAY Ay ggn 22 288 %

ZSAl Crg A7 3% a-294d9 A 2
HAAHS FEEAY. ZSAY A FstE 800TAA £
gdige] MAgdeg Zulgrel 1000T7HA HAHUL
o, 29 Fiw E¥7 FUSHR, 1300TlA
ol2dso =23t WA ZSCre ZSe 2]
1100Cell A 2237} AAHA G, Cr =8l o =
7] N43 AAMEH} Y 29 de] P4 O £
¥o] BHdz wngtel AL S JAHJUG
Zt Aol AAE ATz FUSY EI3AH @
Ad (ZS: 0.13 eV, ZSCr: 0.12 eV)3} ZSCrA oM
glo] FAFE v (033 eV)E FHeAHAT ZSAS

7ZSCr B5 27 £Xd 917stA wsts ofd uhe
28 A%S Yl en, ZSCrAle 4% C-V &4
S2HYH F FF9 AZH Q4AZ EAHAT o]
g F713H 477 9o ¥ Aoz dddEd.
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