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Abstract: In this study we aims to examine the effects of Co;O; and NiO doping on the defects and
electrical properties in ZnO-Bis03-Sh.03 (Sh/Bi=0.5) varistors. It seemed to form Zn; (0.20 eV) and V'

o

(0.33 eV) as dominant defects in Co and Ni co-doped ZBS system, however only V.

" appeared in Co- or
Ni-doped ZBS. Even though the same defects it was different in capacitance (1.5~4.5 nF) and resistance
(03~95 kQ). The varistor characteristics were improved with Co and Cot+Ni doping (non-linear
coefficient, a= 36 and 29, relatively) in ZBS. The various parameters (Ny= 1.43~233x10"7 em”, Ni=1.40~
228x10"” em % &= 1.76~2.37 V, W= 98~118 nm) calculated from the C-V characteristics in our systems
did not depend greatly on the type of dopant, which were in the range of a typical ZnO varistors. It
should be derived a improved C-V equation carefully for more reliable parameters because the variation

of the varistor capacitance as a function of the applied dc voltage is depend on the defect, frequency, and

temperature.
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glo] Wal= AR Mgty FFozA FRAH IR
3 2zst WHz ddste fgeld AF AA
(surge) 2HE BIde 9L NEHoRE Sy
[1-4]. ZnO wlelzEle] =4 F W 22 /MY
BiOyE AHEE Ale Zn09l JAEE Al 5 Ade=
ShOyE tiy® T@gslar 9lew, Sh/Bivlel ule} Ao 4
Mal x|9sl v T2 @ A7|H Aol tdsiA ®st
= Aoz dedA v} [1,25-10]. ZnO-Bix0s-Sb04(ZBS)
Aol A vEbE Bol2F 2] (ZnaBisSbiOw)= 7HE
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Z 7o0e %‘*T__."QI'H %%E’]Eﬂ zznzBi;sz;sOm (Py) +
17Zn0 = 3Zn:Sb:012(Bsp) + 3Bix0s (lig.)e] WHg o
gk 950~1,050ColA B-2393} Bi-rich 4oz
wilEl L, oju o] gog gulgto}l Ao W3z}
Z2g W ooldel Wzb A Ankgel o3 AFFAE G
[5-7]. 53] ZBSAldl w22 54L& AHE EHo
B Hrtebe gk A%ke] #H7MEE (Mn, Co, Cr, Ni
)2 2449 To|RERo Y T4 Y4 F 8
2 A e g g WA e, £F a- E
B-23Y (Zn;Sb:Op)el 4 Y422E2E 2§39
o] /g2l A4 (digF 800TNA Az €4 <tA s}
friesdte] wlA Pz} w2 5AE Alo]d=
Aoz otelx Ak [57-10]. ZnO vie]| 2E oA Co9l
47 01 mol% °ol%h)e AldlA Ad e #9148
A3t velzE o] vy AF (0B 20 oo
A Eel#gt 1 mol% o4 H7ke 2AS$ Zn0e] v 4
g% =9 B uAdgHe Wolmir)
[29,11). ZBSel A Cos0:8] #7H= Sh/Bitlel wa} 4
A Ag A71H 540 tdgsiAl ey, ZBSe
NiO9] #7} =g Sh/Biv|oll whe} Asiel xwsl A
Fol del vepA g u AL A FolA = 3l
= Ae® EaEa Qe [910). Mahan & A &
(hole) %% 2dg& o889 ZnO vle]~H e HfF-4
% (I-V) EAd 9&e F+= A9 Ay =olg By
TE U FHLEd A 2 #E AYe 7IdE =9
dto] AW o] (@) 08 eV, EY ¥E (N 107
em Y ) W AE A7 50~1009) vl A S A
34 9le A7) AEE 28 Aoksto) [12]. o) ¢
F Rdlo A ALSFE QAaME F ast Ny 2 olF
Schottky A% md& &3 HAdLAd-Ag (C-V)
54025 E A4g 4 Ao [13,14] =3 8438 v
Ml TFZE 2 ZBSA vlelxEe] Aga A 54
& thFg #4 §4 (dielectric functions: Z°, Y, M,
£, tand)E ol gsle] FA Fus¢ oo 3 ex
Welel wal FdHor HAS 4 e Ao g
21 ek [815] ¥ @A elA= ZBS (Sh/Bi= 0.5)9)
Cosu®t NiOE @5 =& M3 #7184 (CoNi=
Lol djsle] A3} A7 S48 dEozs 2t
H7HAl 9] ool diste] Wk AAEA ZALe

ric

AT

2. A wy

B ATolA AL 8T £E 999% (it

Ar
1
)

8, dg)e] B#2E AHEsiden, 24L& 7 ZBS
(97 mol% Zn0O, 2 mol% Biz0s, 1 mol% Sb.0s),
ZBSNi (96 mol% 7Zn0O, 2 mol% Bi0s; 1 mol%
SbyOs, 1 mol% NiQ), ZBSCo (96.67 mol% ZnO, 2
mol% BiOs, 1 mol% Sh0s, 0.33 mol% Cos0y), ZBS
(CoNI(95.67 mol% 7Zn0, 2 mol% Bi:0Os, 1 mol%
Sby0s, 033 mol% Cos0s, 1 mol% NiQ)e] 4 F4#%
A ztslo] Al Aty FHom FEFsle 2w
Az AHgdgd. 242 % 988 211 mme
153 280 ol 25 MPaz 1% A8 % 98 MPa
2 A4k Ao 1,300TolA 1Az F7] FellA
HestAck (5297 £5, 5C/m). 24 A8 ¢
1.0 mm FA=2 4d vl & Ag A= (ohmic
contact-£§)& =3I 600Te A 1052 3+ A A e sl
A71H B4 (A 84, AF-49 54, 3483
At 54) F3 8 AHez Fudu.

§4  AdHdefect) ¥4 impedance/gain phase
analyzer (Hewlett Packard, 4194A, Japan)it A}-83&}a]
100 Hz~15 MHz¢2 100~300 K #9194 impedance
and modulus spectroscopy (IS & MS)Hox 27
Ak HA EEHAE M=wqz e fAE Ay
(& j= V-1, o= & T35 Cqf f~ F9IF), G- ¢
A/t (= AEFFAE, A= A5 @AY, = Ad &
7)), Yadze] AR} 5FRE ZAHse nEY
20| HAattel ¢ A4bsldc [8,15) A ake

Fat+ S9% (frequency explicit plot) 84 o &2 z}t
vl Hojgtdll jFse 2% 7,9 FHEF frnd

T8 My (H 2 A wr= 19 B 47 ez
Bl A T3] M= Co/2C2 A A GIA A8
(C)& AT F 27fmaRC-1 BANANN A (RS
Atk [815] E§  ofalll$-2  (Arrehnius)?)
(r=mexp(B,/kT), 7= 3} A|ZH, Ep= 1o o] § 843}
AAl(eV), k= ¥zt 44 (862x10° eV/K), T= &
% K& o]&3td In7 1,000/TZ EA® F 1 7|&
ZN2NE A% #9 (£E 023 duyA, E)E 7
AHstaloh [8,15).

AfF-dSHI-V) 548 high voltage source meter
(Keithley, 237, USA)$ Al&3}on], ube) g el ]
Y As(ae AFUE-A7B(J-E) FHoryH
J= CE', a= log(J/J)log(EJ/Epel w2} +a}¢iv},
714 Ji=1 (mA/em®), J-=10 (mA/em®elw], E,=}
Exz 242} i3 LolAMe Aol M7 (Viem)o) ).
UA 2 g8 ANV, FE A} (Vy, 1| mA/em?
o Ale] A]h), Alge]l F7(t), ZnO YAe] HiF ¢4
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(D)OERE VasVyd/t2 AN ¥4 A5 2 ——
= (leakage current density: Jp)i= 0.8 ViyolAle] 4 (a) 240K P1 o zaoNi
OUER AR T LAY (e T SR
’5‘_‘°§‘—’5‘. (pre breakdown region)e] J-E 24 °} 7] & ¥
7| 258 Al4tsl g o) % 0.5r ]
AAEE-ANC-V) 54L& Impedance/gain phase ;
analyzer (Hewlett Packard, 4194 A, Japan)& A}M8-&}
o] 10 kHzolA 0~40 V7bA] ALola A&} gl . T
CV ExdozBE Ao R E% (N, Al e 2 3 4 5 s 7 8
N (N, 8o (&), 38F 74 (W & (1) log.f (=)
W (2)5 Abgsle] A4kl [13,14]. -8 . . 5 =
L__ 1 Vo2 (he) ) B P 1
alad 2| el i) el
y w
240N, . 2, Lid . ~
[ ] s B reri) (2) E 121 4
m ZBS
14} e zBSNI
A 7BSCo
o 7|A, ¢ AAL=E Vi A7FAESE G V=0E o ¥ ZBS(CoNi)
AAGE, ¢ AAFA, A AT @A, o QA A9 % A s 6 7
Y o] d: Zn09 B#FYUA, e WA AsF, Ny 1000/T (K")
donor %, Ni: Adzel W, W: 333 74, ¢
Zn02] - HA44(85¢,), g 8.854x10 " [F/emle) g} Fig. 1. Modulus spectroscopy of Ni and/or Co-doped
Zn0O- BisOy-ShOy sintered at 1,300, (a) M7 logf at 240
K, () Int vs. 1,00O/T plot.
' 7
3. u# 3 ad Table 1. Summary of M”logf of Ni and/or Co-doped
7Zn0-Bi:0y ShoOy sintered at 1,300,
B Composition no. B Ly Ry
i SRR (50 (®F) k2)
a9 12 4 F7e &2 AN¥E (ZBS, ZBSN ZBS Pl 0.20 25 0.4
ZBSCo, ZBS(CoNi)ell thal 100~300 K ¥ <lelA P2 0.33 19 9.5
M"-logfs ZAdte] 1 % 240 KolAle 72 (a)el :{gﬁg‘ g g?ﬁ i-‘} "1’2
4 s SEE SN s raz: /BSCo 133 L5
dehfglon, o714 & 2 A (Pl S PO opgooni)  PI 020 15 03
-8} AlZE (7=(2nf,, ‘] S ofgy §-2~2l o2 LiER P2 0.33 16 88
Zlo|t}, Hi_?} ¥ 1 14 I o] i P2e U@ &
A3l oA (Epe AAEH (G) B AF ()S
Axstel Aeldt Aol 7t AbebA = Ae shela 4 ok [9,10). ZnO wie

P19 ZBS9F ZBS (CoNiol Mt GEbAR, P2z spgoa) z v 8o o|$%7t 24 7] wol
e Aol vehgth # 13 o] Ple] &48
A& 020 eVE Zn) ATl siste], P2 033

Aol FAAFE ol A H8} (degradation)s F 2l
3= Qztz Agslnz e A4S JHsskd o
eV Vol &gttt [2,9,10,16]. ZBSH el Ni 3= Adt o] upgbd sttt [217]. webA ZBSAlCl Ni
Cool w5 A7he zuw A4S GASL V) FA  mR Co wmom Azsh: Aol By W
Gow WAHAT Nist Cot @ #7bahw 1 & A mu wpelzEel A4 FudA guw A

A
de 4 e Ao ArEh



A2 b foe 8] e i

EE‘?" M s G, 10l 417} Qomg 53 (P %
£ P2)9] Eol7l &4E AALge vhelac) 240
K°“"‘| %k Vol zh= G Ry 47t 15~45
nF#t 03~95 kQo i A& ot HUF Aol A

= G Aol g Yepdled ®l2A ¥ (P2)v 1.6 nF
(ZBS(CoNi))ell 4] 45 nF (ZBSCo)7H#Al ~2.8ufe]
ol BHYAY 1 o]fi= oA ZA WA gt
EF ZBS9F ZBS(CoNDOlA V. 2ol Ry Zn) e #
noh oF 20d] o] ferh (E 1 Far). o714 &9l
of¥t Abgto]l Qli=d| Wiz zt Agel ud F7bE
g Ao} 7} Agto] ZH= S3|RE= 7)E0 wals}

ol Go RO AR A9 Aass] o was
dadser & Ao gesi ne Yol g A}
Agsiolof ¥ Aow Aprrt [151819)

3.21-v §Y

% 2 L300TCoA 243 A9 J-F 542,
¥ 2% J-E FA025E g vl 2g 54 (q,
Vi, J1, vy A28 Aot} A8 A== Co (a=
36)¢} Co+Ni (u 20)2] H7LE = &= AJA G, Ni
(a= 9)¢] #H7I2E 34 Y 5 Ut &, Co &&=
Co®t Nig -6"‘|°1] A7Hge s 43 b2y &

A& 7EE 5 ASS #9§ 4 2t [3910]. @4
AAF G AR} (V) nAdd Al5:7 =2 7))
A A JdeEstow, FAAFE stolA= A4S v}
AlUr. HAAE (pw)S Nigk Coo] #H7zbe]l whe}
0.7x10" Qemoll A 5.1x10° Qemi ol #lt},

¥ 29 ;. 204 Hie] FEA 99

(pre-breakdown region, EH F < 1 pA/em’)ol A ZBSe)
Ni¢t Cos ©% Hi= 43 7ol oe} ddAge
oF 4~Tul] A% %?C'P‘I-‘c:-ﬂl A8 Zn0 3 vl =g oA
ol @o] ¥SFF F& olf AHY YIS 9% 3
RolA FHAFE wio] Ay &S UE w ooy
e 227 HEG A A7 S d3E 9o

A e A% A 2AE Agel 218 A4

oftt [2]. ## FAHAFE 7l volo} 43t ”M
ZE7F € 5 QAR v d Aol Wolxw dAqg
ol ol FHAFE FAHOR ¥ ALE7| o
woll dAAgS 7 Wrlshs o] Fob (& 29

ZBS®t ZBSNi®| ‘FA A, daAAg, @ uMyg A4
G5 ). FE99 (breakdown region, tlgF 1
Alem® ~ 100 A/em®)& ZnO Hl2| 2HE 3 7}bahis
M ToF FoEN 2ape BEE ARHE A

2, A267 A1E pp. 38-43, 201341 191 A9 & 11
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Fig. 2. J IF characteristics of ZBS, ZBSNi, ZBSCo, and
ZBS(CoNi) sintered at 1,300,

Table 2. Summary of J-F characteristics of ZBS, ZBSNi,
ZBSCo, and ZBS(CoNi).

Sespetiaeg % (I;f; ( uA'/{:‘..mz) (x 1ogg cm)
7ZBS 7 24 262 0.7
ZBSNi 9 27 177 3.2
ZB5Co 36 3.6 14 34
ZBS(CoNi) 29 3.2 T3 5.1

Foll Wlal (J o« VOBt 2Zo| 9t s}
A7E 227 817 witol wAd A4t
g sk Aol obF F sk [1-4). ¢
A g &8 A (Ve durzoz 2~4 VE ¢
A ew ek 32~38 Vol uf e HAEAe g
E o A Aoz ooz nus) dA¥i 4
ARkE Bt [1-4] 2ejy o2 stehvgs (o, 2
¥ o], BY FE AW 4 UE )% o)) o
& F7] wjiol 4 arejsforut sl Il’J
AAAA 2bE HA7HEel E5e §2 @ 34 4o
 FE AdstHowwt uiAyg 55 -“°|-- A+
7t R s|ar 9l Mook, =E FR Mneli} Cool
o8] = AW Ael Y E(interface state density)
of ola =iz AW Aste] #t o|E=Ae] oa] uA
S Y F U Ao oA YA Yo
2 ol ‘?_121--'.—1;(1'4(,1:01'&.)% ol F&e] Yoz o]
dlob 3= Aol o Wad Za)-sisty o
(mechanism)&  AlA8H2]  £8t3 Q= A Ao|r}
[1-4,16,18]. el¢} 22 Aare nosly] 9ste] -V
ME S8 B9 FE AW Augs, 4908, 2y
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2 2 Sol diF ARE dgory z+ HukA9
o ehe mastazl skl f.okskH ZBSel Nigk Co
F d5 £t 53 A7 o ddAZLS ¥4
F A v APA S Fole Aoz Ui EHE
(Co 5= Co+Ni #7H7F -+ uig|2g SA4& 2
A e Ae &8 F A

3.3C-v ”Y

19 3 7 24 AW C-V 54(10 kHz, 42)
S A ()& ol g3t =2 el Aoln 1 7]
2719 y& AR oz RE A4S EY FEN) ¢
A A9 Ay Eol (&) 2 A (DF 0|83t A3
AR FHUEN)S THE FAWE & 39 A
&tdt}h. ZBS(CoNi)i= ¥l 2o 100 kHzs} 1
MHzol A 3% @& Adste] & 3o 2 A~ 8t
v 1=

My azbg o £33k ZnOel HuPYH S zHz; 354,

477, 462, 377 meltt. AAHCR Nyt 143~
2332107 em®, No& 1.40~2.28%10" em”, &= 1.76

~237 V, Wi 98~118 nm2 #el& AitsAdch
ZBSAlel Nigt Cod 9% =& 8§ H7e 249,
Na, Ny @ 2% Solrn We AAAT f93
o] 9l gre= sukdc =5 4 (DolA NsotF @
pi ME G5 BAld oz Nt 29 g ¥
obx| =l o] 2d TAE B AT (F 3 Fa)lAMe
g £ gl 2 e E Al vA FE B
Az wulehE Zn0 H A2 FAEH ALt ¢
A Mg BEdd ExoM Fuste RAow
eFA o dhebd) B £ Qv [34,1020] =¥ 7 =
ol 2t Afd YA SAeEA A7MHAed wE
AAgeke] W o] t}2y] wigel7|k s} (9
3014 2zt ZAMo] 2t g xe 7|&7|7 i)

Chioust Chungell o9&t Adg3e 2% F99
EA2 Bulgtol 1 FPo| o= Fukg il
A Fsteg C-V F4 g A¥AHE d4I5AMA F
Aol =y Fwot Y wole AMdAAM 57t A
g 4 qlvka sk [19).

M AF B AHE uie} o] 2} AAM
Zn, EX Y Aol SAHAR, ol ZAFd 9
3l C-V ZAZS Agdte Fug o (e, 1 kHz,
10 kHz, 100 kHz, 1 MHz %)ol we} o2 e
G Q7R wE 1 FAE (Ex Fae)E
2 vephd § 02 Aotk o9 e Y4

5 T T T T

(1/C-1/2C, " (x10™ em'/F?)

3+ 4
/1 300°C
2+ —a—ZBS i
*  ZBSNI
~&— ZBSCo
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Fig. 3. C-V characteristics of ZBS, ZBSNi, ZBSCo, and
ZBS(CoNi) sintered at 1,300C.

Table 3. Summary of C-V characteristics of ZBS, ZBSNi,
ZBSCo, and ZBS(CoNi).

- Na N B W
Compasttion’] | .1 ot | (=10 %emd) (V). | )
ZBS 2.33 2.28 237 98
ZBSNi 1.19 1.40 1.76 118
7ZBSCo 1.54 1.66 190 108
ZBS(CoNi) 1.43 1.67 2.07 117
100 kHz 1.36 1.70 226 125
1 MHz 1.30 1.85 281 142
3olA wWlag HHowz ol AAF ZBS(CoNi(10

KHz ~ | MH2)®l @& ¥ o ¥93 & 5 Atk
A% FH LE (BR)NN 3 FAs7h Eelds

% Nz oF 9% WolAAw 1 9| tE ¥BE, N,
(~11%), &(~36%), W(~21%) & S7Hstledl

olg} #e AL A (D3 (29 H|AAoZRH F
®3) ol g 4 Urk w2y C-VHlA #HAS5F 7}
getv) e 5 Fueel HA FA 27t ¥l
2} W3s}sly] wfjfo] ojwW Fulgol A FAZ gho]
A A =Y %, AW Sy 2% A ¥xo], ¥4
= 52 A4RdY F JdeAd gy FF ¢
DEF AAZHQ] A7t Igs|ojof & For f#ud
Ak, 28 4 (1) A9 AHAE 2 o8 &
Ad = AA

by B Age Aol H B Aze] AYE
AME 71282 #a@g o, C-VHE ZnO ¥l 2H 9]
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Zn st H7kAel A
2 584 59 FEE 9uutE oAU 3ok
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o}, gyt C-VHe 2 ZnO uE] e QiAlel FAdd
EY ¥E, AW Ay 2% FY o] FTHE F4
of thg ikl Al (£ HAHQ W} Fo])ut
& o8 4= g9le Aoz wlrl Ed Mahan 59]
Hag Av: 2dy) v gs) B o F 39 Aus
Zol C-V EAAAN 4L HAYuHE (Ns N, B,
W) I-V EAdA aAgAde e A
(ZBSCo¢t ZBS(CoNi))et 1#7# &2 A (ZBS%}
ZBSNi) Alole] AolE FE3| FHT & Ue oW
ARE Fx Zae A 2o [12] we2by o2 go
225 Bo AdE C-Viel E&Hojof & A
o7 ke,
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4. d £

ZnO-Bix03-Sbs03 (Sb/Bi= 05)¢] Cos0:8 NiOE
H7hs uigl2Ee] AgI} A7) EHS BME A
I g&a 22 HES 4. ZBSe| Co%t Nig =
& 7t et A% 95 HHg AdAM AYAE
© V) (033 eV)iE olel 43l 34 F e
Zn; (020 eV)E 7 FE3ch 24 9% A
A REstE AAEY (15~45 nF)3 A3 (0.3~95
kQ)ol Mz zol7h v @l disiM e E71E
Azt g moh He Ak REE oo & Ao
Abr Tt =3 $53 vigl2H 54 (o= 299 78
g 5 AJAAW Co @5 H7t adnctes we Ay
£ H3it C-ViHE 58 Z4F ddguEHE (Ngs
1.43~2.33x10" cm”, N= 140~228x10" cm? @)=
1.76~237 V, W= 98~118 nm)& =3 ES Z§Ho|
A oESA Fdn YWHHQA ZnO w27 2
= 9l e Jerddg. wety A3 Fag
olEsh= C-Viol diste] ®oh AXE #AA o] wt
EA mEEojord Aeow Auur).
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