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Abstract: In this study we aims to examine the co-doping effects of 1/3 mol% Mn304+Co304 (1:1) on the
reaction, microstructure, and electrical properties such as the bulk defects and grain boundary properties
of ZnO-Bi:03-Sh:0; (ZBS; Sb/Bi=05, 1.0, and 2.0) varistors. The sintering and electrical properties of
Mn,Co-doped ZBS, ZBS(MCo) varistors were controlled by Sb/Bi ratio. Pyrochlore (Zn:BisSbiO1) was
decomposed and promoted densification at lower temperature on heating in Sb/Bi=1.0 by Mn rather than
Co. Pyrochlore on cooling was reproduced in all systems however, spinel (a- or B-polymorph) did not
formed in Sb/Bi=0.5. More homogeneous microstructure was obtained in Sb/Bi=1.0. In ZBS(MCo), the
varistor characteristics were improved drastically (non-linear coefficient, a=30~49), and seemed to form
Zn; (017 eV) and V, (0.33 eV) as dominant defects. From impedance and modulus spectroscopy (IS &
MS), the grain boundaries have divided into two types, ie. the one is tentatively assign to
Zn0/Biz0s(Mn,Co)/Zn0 (0.47 eV) and the other ZnO/ZnO (0.80~0.89 eV) homojunctions.
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[1-8]. 71EA2 ZBS (ZnO-Bis0s-Sh:0s) Al 7 7}5}
5 (Mn, Co, Cr, Ni, Si )< 2374

7n0 v 2o A g 27 H7HAQ BO:E AF A FHol2EFR] (ZnBisSbyiOi)e] A3 EaRE
£33 A Zn09 PA8FE AT + A= ShO:E > WA 7| 2949 (Zn;SbOr) ol AAl 4%
gEE EFstn ew, Sb/Bivlzt Ao Add, X & Fol HAFEE AT ¥ ot} viElAH 54
43, vAFE 2 A7H EA4E ZA F4Id &A@ [5-8]. ZBSACA FHoj2E2= 7t
ZF 700C HZodA AAEe 2Zn:BisSbsOu(Py) +

17Zn0 = 3211?51})012([38[)) + 3BlgO°.Ulq) ‘i‘l%‘-i’.i
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ok 950~1,050CelH B-234d7} Birich J422
2afate] Ao LS ZAAZL ¥ ol ¥7 Al
I gukge] o3 AFAHA [57). cl#F w2
thekg H7hAlol o8 Wy 1 ¥3 229 AYA
gy gepAg [5-7]. £3 ZnO vlgl2Ee] 54
ARE BRog H7ete dUdd o34 AsEL
golzggoy Avde FAHYLZE {39 o
AEe A9ty E4d 9FS F ¥ ohdet v
g EAdE 9L F9 [69-11]. H7H F Mn3t
Coe 25 AW A FH& FAso nigl2He
HAE A$E 599 [1-4]. Mne a-299& A
A A B #9% nHqFzE FASA sk, 05
mol% °14 A7t A ¥Ay AFLE A wAEH
[1,257]. Cox 01 mol% °l& A7t Al Wv|AE AF
2 20 oo E9FH, 1 ol 1 mol% °]d
A% Zn09 HAFE o nAF 99 (¢ F9,
up-turn region)®] HAPAPE Wojmg = UQASE
g3t} [2,12]. ZnO ¥l 28 oA Yelvs FE 2
goze Znst Vol BQHn, £8 ZnO vl 2E
A Qs AW A F9E IA F EFRE FRE T
At [1-4813]. °|E< Zn0/Zn02¢ FEAHE AW
ZnO/Bi-rich’/Zn09] ©|FAY AWLzA], HA=
AF-Agke] n AP S Jepln, FA= F4 A7
9 wAgY [3813] EFE nATEE 2 ZBSA
gl 269 gl 2 94 SA4LS OdUd /H FF
(dielectric functions: Z', Y, M, ¢, tan§)& &7 A
g3t 24 Fu5 ddy 25 Wl g FIH
oz BA% £ 9d [813-17]. 28y Mn# Cod
ZAd #7He A e 223 2 L JqA 54
& EPHoz EAMee] 2HEF WSS FFF Ho|
o}, g B AFdiE ZBSA Sb/BiHlE T
A 3 F Mnz0s% Cos042 1:1 H]&Z 1 o] 1/3
mol%E =2 H7tg 5AE Al distd 2Zx A7
A EQg AWEoZH Mn# CoE FTA H7HE
of WE o 3o datd B FASA 2AEA
=3

2. Y 4H

2 APNE €E 0% (ZeE 3, dd)9
ZnO, Bis0s, Sb03, Mns0s, Co0s8 AHE3He] R
Zn0° Sb/Bi=2.0 (1.0 mol% BixOs, 2.0 mol% SbyOs,
1/6 mol% Mny0s, 1/6 mol% Cos0), Sb/Bi=1.0(15

mol% Bizo:a, 1.5 mol% sz()s, 1/6 mol% Ml'1304, 1/6
mol% Co0304), Sb/Bi=0.5(2.0 mol% Bix0s, 1.0 mol%
Shy0s, 1/6 mol% MnsO4, 1/6 mol% CosOn% 3 T
o] ZBS(MCo) A& Alztste] dubzQl Aty #
Aoz E¥ste 2 482 AEddd 2238 9
e AAE 2L 988 Ol mme 95% 7
ZAelsle] WA 25 MPaZ 1% 719t A8 F R
MPag2 A4st Agste] Azsigich 48 A8 700
~1,300CAA 1AZF §7] FolA 24s02H, $2
Al 500CoANA Sbhel 4HetE $13te] 1A FAEAL
o $& 2 ¥ £5& 5C/minZ ARG &
A AAL ¢ 10 mm FAE ARG F S Ag
A= (ohmic contact®)E #7Zo] & mm7} HA 2
a 2adez £¥3d AR Y3 600CAA 10
B dxgsled @714 54 ZHE NHoR Fvg
ad.

7+ A9 272 AiAstE #As7] Yo X-A
3" ®BA7] (M03X-HF, MAC Science Co. Ltd,
Japan)Z #Astgen, Y5 Archimedes§ 22
stk £ 22 AH uATRE 04% A T
gdow 38 oHste] SEM (S-4200, Hitachi,
Japan) o2 AP ov, A 4o $EE 2
HH7] $38te] BEI (backscattered electron image:
RBH-4200 5MC, Robinson, Australia)® #%23%it}.

AF-ALU-V) 54L& high voltage source meter
(Keithley, 237, USA)E AL&3tlow, vpe]2E 9] ¥
A AT IV A A9 A5 9z
FAE g AFLE-A7F (J-E) FHLERH
J=CE®, a=log(Jo/J)log(E/ED wet T3t o
714 Ji=1 (mA/em?), J==10 (mA/cm?)ol®, E% E»
e Zz 3 JelAe Aol A7l(Viem)eld A4
3 FEANV,)E 2 A%V, 1 mA/cm’ol A9
Agh, AMe FAp), Zn0 YA B A (d)LE
RE Vp=Vyd/t2 T3k ¥4 AF UE(leakage
current density: J)& 08VpdllAe] AF L& GO
Askeich, E3 pre-breakdown ¥ J-E FA9]
7N&712588 4L HAY ,u (Qem)E T3

A3 UA 54L& 24HE7] 9¥ impedance and
modulus spectroscopy (IS & MS)E Impedance/gain
phase analyzer (Hewlett Packard, 4194A, Japan)& At
£3te] F34E 100 Hz~15 MHz tigol A, 100~
720 K7tA 20 K Aoz £28WAM FAs%0
7t g4 34 H2 F35 §9E (frequency explicit
plot)E o] &3ted 7+ =9 HYgte] Ug I3 2%
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T,% A3 F3F frn® T8L, G2} EEF
20X zt J5R2 HAY 2t M s THEZ
oA et 4 (2)F o83t UA A (R
AA8F (Cp) e FE3A (131

~ _R il _ﬁ
z‘lruax - ?’ Mmax - 2C (2)

olBA F¥ T} 7'=0m2 rfras Z'ma M'mas O}
#lY$-2(Arrehnius) 2 (r=r,exp(E/kT) , p= p,exp(E,/kT),
=432 2 A E (Qem), s 52 poll i &
A8 A, k=22t 44 (862x10° (eV/K)), T=&
T (K)g o839 Z7} Inr vs. 1,000/T 2 Inp vs.
1,000/T 2 =& F3td 2 7|72 FH & °]3}
o] gl e A% TH (5L o|&3 YA, Enst
A& oM E A 843t AUA(E)E T3
AHg-sta T (131

3. @3 ¥ 1@
3.1 XRD 24

a9 12 Sb/Bi¥E 2@ ZBS(MCo)Al((a)
Sb/Bi=2.0, (b) Sb/Bi=0.5)) A|H& 700~1300C=Z 4
A% F MYsdS 9 Jevs XRD #HHold, £
1 Sb/Bid] (2.0, 1.0, 0.5 <& ZBS(MCo)Al A
Aol 3 22432 W3E A3 Aol

a8 13 o] Sb/Bi=200ME Fo|ZFE]
(ZnaSbhsBiz014) 8t a-23d (ZnsShe0p2) 2 Fu|HFe
B-Bi:0s7} YEIY™, Sb/Bi= 0501 o] 220,
B-Bi:0s%} y-Bix0s7F AAZEHAG (FE 1 F3). E 19
A B5o| Sb/Bivjol wa} 2a44e] EF7F th2A U
et gk Sb/Bivl gt #AIgle]l BE AAM o
22207t ¥z ¥ AMAA=HUALH, ZF Birich &
& B-Bi0s2 FEA3t9 . Sb/Bi=1.0S 2Z2XEd
we} I FAFe] FUFAAT, Sh/Bi=055 5H3|
a-29do] MAHA gt o] a-2¥dL ZnO v}
Z2HA YHZFE Aojdtq B AT nATFZ
& At oA, B-29de 233 LYo
E7Yds nATRE Ase Fez 48EHA A7)
f &o Sb/Bi=05%1 AE v 27 vATFEE
P Aoz wadg [7,18-20]. ZBSAE Sh/BiH|
o FAQC] B-299E A5, 97 Mnoly

(a) Sb/Bi=2.0

¢ Zn0

« pyrochlore
a spinel(a)
= Bi O,(B)

A _jpoc
000°C

N, so0'c

Intensity (a.u.)
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Fig. 1. XRD patterns of ZBS(MCo) system (a) Sb/Bi=2.0
and (b) Sb/Bi=0.5 with sintering temperatures.

Table 1. Secondary phases in ZBS(MCo) (Sb/Bi=2.0, 1.0,
and 05) sintered at various temperatures. (Py:
Zn;ShsBisOu, asp: a-ZniSh:0p, B B-Bis0s, ¥ y-Bi20s,
(B): trace of B-Bi:03).

TP 70T B0T 90T LO0~1300C

Py Py+asp Py+asp+(B)

1.0

05 Py+y Py+B

Crg A7t Al AAZHLE o289 E A= AP
= a7t e @4t [7,20]. ¥HE, Co &2 Nis
A7t ZBSAS 7%, Sb/Bi=10dA EF B-£9
dg PA43a, Sh/Bi= 0594 Co H7tE oW 23
A= FA3A EARH Ni H712 a-25948 A3
T ARE Aozt vy dAoltt [1819]. 5¥3] Ni
& FH7 ZBSAZF 1,000C olde] 2ZEZoA
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Sb/Biv] ¢} #Agle] Ho|2F2olE FAsA e
ASHE vudy [19]. ¥ oy} Bi-rich 42 7
T, 2 ZAAE 9 ZBSS 97)d] Mnoly Co =
< Nig H7Hg 2449 2e B-Bh0:E FAsA
gk Cr& #H7ME 9 6-Bix0s2 #FAstE AF{E o]
7k @} [7,18-20]). 8.9%F8H, Mn#} Cr& a-23]d9]
A4 GASE ERSGE JEL st ud Cost
Nie 287 94t 2 2449 Zo] Mn#} CoZ &
7l A7t 7A$, Sb/Bi=1.0¥ W Mne] FEF<l o
&S AT, Sb/Bi= 05% AF Co7l FEFHQ 98
S 3= Ae® AEUE + UM

wrebA] girds #Este] ZBSol Mn# CoE ¥
Aol H7tg 7%, Sb/Bivl<t #AQle] o] 2F 2o
7t ¥zt Al QXA sded, Bi-rich 42 B-Bi0:2
EAsAL, a-299e Sh/Bi=1.061A4 WA A
Sb/Bi= 0594 = AAHA &gt F, Mne Sb/Bi
>1.0914 o-25499] AP AAZ}Y FEFH A
€ 31, Cox Sb/Bi= 0594 239 YL AA|8
T 9%L sigd 23, &4 A F7e " A
el Aoz du|gdol Ale AW AFo| AR @
2td Zolgt o4 4 9.

3.2 Uk H3

1% 2+ Sh/Bivldl W& ZBS(MCo)Ale] 4274 &
T 4d 4EE ALE Rold.

1,000T o]’doll A Sb/BiHl gt #Agle] dubxo
22zl 24 F Bi-rich 449 3o o Add
£ ZAa7E El=Een, 1 ZFAZe Sh/BiM| 7}
gold 2 AAE Hgoz et @A 700~
1,000C F+zZtell = Sb/Bivlel wal 433 zol&
Holx gl WA Sb/Bi= 20= 1Y 13 £ 144
HXo] 700CeAM A FHo|ZF 2o (Py, d=7.86
g/em’)et 800ColA AAY 2949 (asp, d=6.25
g/em’)2 Bvsto} 900°C7HA] A Ls7k Al (A
£ ~60%) Hi, 1,000CeIM HolzZzoje] Bz
A48 Bi-rich 44 (B-Bix0s, d= 9.17 g/em’)ol ¢
3 A4yt A9 g FoEEE ~97%E =
ol th. Sb/Bi=1.02 Sb/Bi=2.03 H] 42322k 900 o
A A L& 7E ozt Ao FoEEs}; F 5% =
g3tgith o= 900TelAH ZBS(Sb/Bi=1.0)A41¢] 59%
¢ o7le CoE #7Fg ZBSCo(Sb/Bi=1.0)9] 63%%.
o =A% Crelyd Ni & Mng #H7be A(ZBSCr:
80%, ZBSN: 88%, ZBSM: 89%) H.t} @& zko|t}

100 T L] Ll T T Ll T
95

85|
80|
75+
70}
65|
60}

—a— Sb/Bi=2.0
—e—Sb/Bi=1.0 ]
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Fig. 2. Relative density of ZBS(MCo) (Sb/Bi=2.0, 1.0,
and 0.5) sintered at various temperatures.

(7,18-201.

el Mn2t CoE FAl9 H7FE 4%, Cost Mn
< BF Bo|22209 FA 9422 FLdAW, Co
By Mno] Bt W& 2XoA o2 go]9 3
& AN we} Sb/Bi=1.09 AL FALPS
b4 g [79,18]. Sb/Bi=05% 800°CelA 90%<]
= AUEEE Kol ol YWtH o R ZBSA 9
71l Mn, Co, Ni 5& #H7I% AoA g2z
of Ao FHAd A &e ZF Bi0sol o3 AoH
28 ¥ AUEEE Uehis A4 59T AF
o, 800TAA »|Ae Aol g 2d3te] JA=
65%2°] @& AdExs YeE Cr ¥7F 539
zto]l & w3l [7,18-20].

et ZBSAYl Mn# CoE FAd H7He A4
2 2E st Sh/Bivlel 93 gElzen, Contt
Mne] ¥gto] AdHoz AA el

e,

£

3.3 OjM#=

a3 3& ZBS(MCo)(Sb/Bi=2.0, 1.0, 054 1,00
0TCelA 1 AIZF 223 A|H vAFZ2E YE A
oltt. ZnO ZAYML AUz FL 34 Bi-rich
A2 A Holgdgolg q-2¥dE BE Zn0 B
0 2 Mo HolAT 1Y 3(a)s} Zo| o]z
207} 2194 HY o @& Mog FERHAL
[7,18-20].
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(a) Sb/Bi=2.0
.

20.8kV KS5.808K 6.88»rm

Fig. 3. Microstructure of ZBS(MCo) (Sb/Bi=2.0, L0, and
05) systems sintered at 1,000T (T. B.: twin boundary).

a3 3(a)9 (b)ellA B5Eo] Sb/Bi=1.0% AlH9
HHTFZE F9@ 238 (29 1, B 1 F)eR F
A7) wid Z7] AEdrt A2 Pd
Sb/Bi=1.09] ZnO B Y7ol A detws. F, 2
g 3004 AY aApgoer A ZnOo BAABS
zkz} 3.1 ym (Sb/Bi=2.0), 6.6 m (Sb/Bi=1.0), 11.0 /m
(Sb/Bi=0.5)°]t}. Sb/Bi=1.09] vAlTZE a-234d
o 9& mATE F93 R B A AT

ZE 388 & glE Aog 9 ol Mnolu
Cr £& Nig %73 ZBSA % a-2¥94dz 744
Ao mAlFz Y3t zaael A [7,1920] 2
7 3(c)s} 2] Sb/Bi=059] vAFEE F8lo] 1 &
AHS 39T F AT, A el Fol2E 2% B
-Biy0; Tto 2 FAH7] i JuHoes EdUd
A TZE 24 2 Aoz wasn [7,18]

weld Zn0 HlelAH Z2AL JEss SACA
Mn#} CoZ FAldl H7MAZ ALEE 4%, a-239d
& #A%E Sh/Bi=1.0 2A L Ads= Ao] nAF
%o #d3E #us=d Y AR gdd

34 IV §4

a3 4% 1,000CoA &Z3% A#He| J-E §A43% &
27 ¢x 4 J-E FAHo2Ry AN ¥ Asa)
& Sb/Bidlol wet 2= vEld Rold. B3 & 2w
1,000CAA 228 AHe] J-E 545 2% 2ot

10‘ T - =l - - - -
10°F
=~ 10°}
E
S
< 10} 1000°C -
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Fig. 4. (a) J-E characteristics of ZBS(MCo) (Sb/Bi=2.0,
1.0, and 05) sintered at 1,000C. (b) Non-linear coefficient a

with sintering temperature.
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Table 2. Summary of J-E characteristics of ZBS(MCo)
sintered at 1,000C.

Sb/Bi

4 Vb Jr pab
ratio (V) (uA/cm?) (Qcem)
20 3 0.7 577 1.2x107
1.0 48 34 1.7 7.4x10"
05 49 35 26 1.0x10"

a9 4@ JF 204 HEo]l 1,000C AlHAA

i
o

Sb/Bi=2.08] 7% wviEl2E 5A4o] A9 yEtA
A5k (a= 3), Sb/Bi<1.09] #A$ $3 nlg]xH
A(a=48, Vp~34 V, Ji<3 pA/ent, pp>7 GQ)o] 1}
bt} [18]. £3] Sb/Bi= 2.0 Sb/Bi= 1.03 +44
3 AoEE 2 olAFR7 A FYskAIw vl A
B 540 ymA vehti=dl ol 1,000TA Pye
3ol ©8 Bi-rich /3¢ AAFo] S| Fo|a %
g Wzt Al F83 ZnO AAES FHAA £an J'I
PyZ AFA (~900TC)s = d 22 ua}
A o]% Schottky 8-S &Asle] nlg] g
G@sHA st dEE A By gEoz A}
o [1]. 28 4 BXo] ZBSo| Mn# CoEs ¥
Aol E7tg A4 8 vz 548 gnd 5
Jdee & £ o A2ALEI HopFo] uke}
Sb/Bi=1.0¢] HAE AFfE LZoz ZasdtAuh
Sb/Bi=0.59] 7§ 49914 3022 AdHez tii A
A dolAl= A& & 4 Ao (&, 1,000C Sb/Bi=2.0
A 9]).

uzlA Mnd}t CoE FAlol H7Fe ZBS(MCo) A=
Sb/Bi=1.0¢ o AhHew wdsn 3 J-F
EAL gn% £ 98S ¢ + dd (&, 1,000T
Sb/Bi=2.0 #9)).

E
=

351S & MS £4

a9 5& ZB (MCo)(Sb/Bi=0.5) A& 1,300l
A 2248 F Fag9 5o we IS & MS 54
& A Aoz (a) 160~240 K GolAe]

M”-logfg, (b) Z”-logfl480 K)<} M”-logf (480~600
K)E, (c)& Inp%t ln'r vs. 1,000/TE, (d)+ AF (R;-
DI BALF (G- AT =A% Aol
29 5(a)st #ol *J'-?: ojate] koA ZHA %

M"-logf 2 Zx 5F ZAgd s)3s= Pl P27}

g oci ‘Lo:‘

gEa, 7zt Ao giste] offyf2x FE39
a1 843 dUA(E)E AME A 017 eV(PDS
033 eV(P2)& Yepg=dl(2d 5(c) 5
Adol 74zt Zn ot v, e € F Ao [148,18-21]

3 Zn s vl 9 wdEsE A JHEP
S 474 ¥ G 2 RS GE 23 59 2ol A
AEY Aoz 3 2 AFS R4 g
g AFHoz ZFirsAw, FALEFS (2420
nF, Z4)3% G(1.2~13 nF, &4 ¥ F7hE da
2 A%< vebdo [1820.21). 7z At g 57}
32 #fAel disir= Hh Zo] A+ F¥
AeYslojof & Ao ALY

I3 5(b)e A o9 2EAdA FAHY d¥d
~9 REHA 9 F Z7logfi480 K)9+ M”-logf
(480~600 K)o 47 54 o] Fa g} of7]4
REE# 2o P33 P4, U2 Pl sidss 3 F
7o 928 B 4 gbd, 29¥ez B zAAE
2 79 Az FAHHY &g ¢ F U
[38132021]. 7} s A digt A& A|Qe] dis)
o ofg|Ug-A EFEE T3l 7 dAle] &43) oy
A& Arte Az, p3e 047 eV, P4x 089 eV, Pz
0.80 eVE 7FAt (19 5(c) #ar). 480 KelA P39
Az JALEL 247 44 kQ3 1.0 nFE, P4 7
7t 0.3 MQ#} 1.0 nFez Age ok 7082 o] &
BolAgt g Ao AT #%& A2
ol dutyoz Az 7ZnO wElAHe A} F
7V 3 2Heg R,C (ME)I R,C (HE)7 AR
4 d49 23 A% (38,13,20,21].

upebA P3E& 19 5(bcd)ot %Ol S50 gk AE

#31), o

J;L

6] =
AL

(R} AALHC)e WstE FAAFe An
%= ZnO/Bix0s(Mn,Co)/Zn0O 741 2; 2 & 9o,
H

ZBSM(Sb/Bi=05)°1 41 Mnell 3l wdsl= 04 eVel
QA Fdscia & = AAg, Gk Ry go] ZBSM
AR 108 A% o & [21]. 9bd, 2 24349 P3
AAIe] BA3 dQUA (047 eV)= olF AAE ZE
247 T 7ZBS(Sb/Bi=0.5)9] 1.02 eV, 4§ ujg]2Eod
A EQlE = 064 eV, NiE H7F3t ZBSN(Sb/Bi=0.5)¢]
095 eV, Cr& #7}3F ZBSCr(Sb/Bi=0.5)2] 0.9 eV, Cr
& H7I§ ZBCrAl9l 12 eV Bo ¥& g A
(8,13,19,20,22].

3, P4 P33 dlidte] FY XM A
(R)o] oF 708] (480 K) o] =3, AA&E (Cpol
Aol Fdg AL B W ZnO/Zn0O YAZ & F 3
o} [3,8,13,21,22]. P4} Pzoll s]l3date= QA= ZBSM
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Fig. 5. Impedance and modulus spectroscopy of

7ZBS(MCo) (Sb/Bi=0.5) sintered at 1,300C. (a) M"-logf
(160~240 K), (b) Z”-, M"-logf (480~600 K), (c) Inp and
In7 vs. 1,000/T plot, (d) resistance (R;-4) and capacitance
(C)-4) with temperature.

A9 087 eV R 0.75 eV A 2A ¢, ZBS9 1.02
eV, ZBSCo9] 0.93 eV, ZBSN9| 1.3 eV, ZBSCr9 1.1
eV, ZBCr9 1.2 eV ®Ht} ¥ Yerd [818-22].

AAH oz ZBS MCoAL dAE F F/Z T4
g olF gAed, 4A AY (RS 33 =71 =
o}Hol wet AFHoR FaAWN, AHNEF (G
Az A 2L e /MHEA ko didte] A% 7}
2dte A% M o9 2 @4 A Ao
1,6008) ©]4F zpo]7b i, FH L] 1.0 nFLR 7
o] 2L o]F UAE /I Mng A7 ZBSMA 9}
SAbsT 211 28U CoE® H7H8 ZBSCoAl7d @
AA (Cp~06 nF)E 2t A= Ao|7b dot [18]
wel] ZBSAll Mn# CoE FAld IH7Me 2%, §
A Mndl o8 FEHOZ Aojge UG =
g 7ZnO vlE| 2N QA= Hrlete =HES F7
of uwgt 2 @438 Uz A3 F FHLFo] g
A geAlE RE ¢ F Utk

4. 3 &

Sh/Bit] & 23 ZBSAYl Mni0s9 CosOsE 1l
£z 1 §o] 1/3 mol% F7te ZBS(MCo)Al Hh&
~He 22 2 #7113 SAd distd £ A
g 2 2828 AU

ZBS(MCo)Ale] 423 #7713 5AL& Sb/Bidll
os) Aoj= At Aggs A3t Sh/Bivlel uhet
Mn3#} Coo] g&o] @ yebdrh Sb/Bi=2.0& o]
22720|9 q-27de] Ao g 900T7A L3}7}
A H Y e, Sb/Bi=1.0& FHo|2FRoje} a-25Hd
o] AAE AT Coxtt Mnol &3] FHo]2Fzo]e]
Be 258 ¢33 axr Jegd. 338 Sb/Bi=05
= 299 (o B B A AAE A 3= Cod
dsto] FrHoz eyt EE AdA dolzd
207} Wzt A AAAREALH, Sh/Bi=1.09 =4
A a-2349e Zn0 YAF Aol &3l o Ho
#dg nAFzE AU Mt Cog 74
74etel whe} wiEl2E 54 (MAE A, a=30~49)

A MAHR, FH AFoE 7 (017 V)9
(033 eV)7F BHde o5 AHEFS =
&5 we} gadts 4gS Jerdch dACA
Mne gdo] FEHo2 yegon FAHAAF
#d9 ZnO/Biz0:(Mn,Co)/Zn0O (E,=0.47 eV) AlA 3}
nte] 28 AE3 BEE Zn0/ZnO (E.=0.80~0.89

r o = e



A7) A2 A 783 =57, 4257 A11E pp. 878-885, 20124 1149: Fd ¢ 5 885

eV) Ao T 72 FAHAG. &4 4AS AL
oF 708)9] #o]E molWAM &xo uldtd ANFHO
2 ZArsAn, AALFLS A9 94 (0.7~11 nF)
AT 250 tiste] 2F ZAAadte A4S Eh
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