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oA s AE9 ZnO, ShO; TiO, BiOs (99,9% purity,
Aldrich Milwaukee, WI. USA) %8 A&&}9ith ZnO-Bix0; A
head-to-head IBE ¥A3}7] $1ste] Sb 1]l tail-to-tail IBE ¥4
a7] $jste] Tiel 244 A7tETiE AL & g8 Aok Tio.2 3
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-V &4 7] “delel A source measure unit (236
Keithley, USA)<& }4‘13@1 A9 94 235 483 B4
9A3te] zero-bias PIE2~ FAS F9drh. I~ FAHLE -T5C~
220°Ce] WA Closed Cycle Refrigerator (Janis, USA) 94 AC
10 mVZ frequency response analyzer (Solartron 1260, UK) ¢}
dielectric interface (Solartron 1269, UK) & o] &3t} =4 3}¢ic}.
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<adg 1> (a) )2 s sto] SBZOl vt 94 A7+ 40um W2
5?“1, gt 4AF uifte] M 2] IB7F £A s S Fel 3
S Zn0°1 4$- A4 e we etching $E7F t2zz
etchmg°  A$ %%i ethching patternol vl A "k’ 94k
Ko &A= etchmg patterng #4188 A% <29 1> (a)o] e
A% [0001] %‘fﬂ:% e A4y E"J-"J etching pite] ZF# %o
BE F3tx 9oH, IBE ZAAZ dAHez A4H AL 39 & &
th webd SBZ Wi¥-oll £A13k= 1B [0001]1[0001]¢] Head-to-head
IB° A& el & F 9tk Angoz e {jAbelA Zn0 A
[0001] Weko] IBE Fatx glorz dxb oF F AAH = (0001)S
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2 sy g2 g Yo FEFES e B/ EA45e
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ol IB% el glon IBE 7374]:% fAHoz AR AL 9
@ 4 otk wetq TBZ wRel ZAste IBE [000-11000-11¢)
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<18 1> (a) SBZ, (b) TBZ, (c) BZ2| DIMZZ] ALEI

<z 2>°ﬂ Uetd AAY AF-AY EAS A5 breakdown
voltage (Vp), H] &A% (a), low bias barrier resistance (p) 5ol
# ARE A& 5 Uk 74 YAVE s viE 2 98-S ﬂt}j
A& o, -‘?ﬁ“"l} i7la u8sjzErtd SBZ, TBZ, 13 BZ¢
YA breakdown voltage:= 0.21+0.03 V, 0.10+0.02 V, =Lz
0.11+002 V& ZAHAJY.  o]gd FHELS  single junction
measurementS £8 A9} & gA@}S

T3 HAg A EAS Yehde v A (a)E SBZ, TBZ, 181
BZ 77} 27+01, 16+0.2, 183 18+0.1¢]th W oluz} low bias
barrier resistance (p)= 2.75x10° Qem, 547x10° Qem, 18] 3l 5.27x107
Qemz 2459tk SBZS 4% TBZ, BZEU =& breakdown voltage
#s Udepdon, vjdgAFaAs 15~209 g& delislch ¥t
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Z, SBZ9 Z$-olE  [C+(0001) Iany plane] AA, TBZ9 7$-ol&=
[C-(000-Dlany plane] A7} &4 & 4 §IA ol we] BZolA &=
oA FHY JAE YEE F 3l 5 %P nAEAS A4 & 7:‘-rf’ﬂ
[Non-basalNB)INB] A& A2 4& YAt & &A & +
At} o3 AN S H}EW?L 559 conducting path™ [NBINB] ¢
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Schottky model?] ¢4 F¥ 2859 FA()E d=D-Cou/Cqp 2=
e A & = Ak 9714 ZnO Chuces Zn09l relative dielectric
constant (e,=8) @ Al# | shape factorZ o]&3te] AAtstgon <
A 271 (D)E A AAG vz ARE Fatd 4§ ddTh
SBZ, TBZ, 12|l BZ9 AH%9 F7A+= 247 90~110nm, 9~ 15nm,
10~28nm& AAFE A} Schottky barrier modelS ©]-§3te] SBZ9}
TBZel E#3t+= bulk dopant concentration®] H|<:a}thal 744 & gkoh
W, A Ate 4939 FAE Tt TG =ol= TBZ
wrh SBZ7F ¢F 3ujA L Erhe Zié & g Qltk olget A= IBY
of g éz*?f”*?l FA 9] ooz SBZY o—r7} TBZ, BZ¢] #$-rrt}
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Aot dHS 7

T=24°C
10°} SBZ

Current Density / Acm*

8
a=2.7+0.1
0 v 7

0 0
Voltage per thickness / Vem'™

1

u-l 6+0 2

ToaC
107 TBZ

107°F

Current Density | Acm”

10* 107 10°
Voltage per thickness / ch

T=24°C

Current Density / Acm”
2

10" 10° 10' 10°
Vnh.age per thickness / Vem”'

<18 2> (a) SBZ, (b) TBZ, (c) BZ2| I-V §4

3.

[N

=

Sb % TiE H7tstel A= o 54& 7He BE 4 93 Wil
GRala, o/ o] &ao] Zn0 BIOsS 7|Wow @ uhesehe] 24
< Alofste], A AA zi}xﬂud Tl A7H EA 2 JFS U]
A5 des oW Ade B3 AT F AU 53 7]%01] 42
A71E Aofstr] st ﬁﬂﬂﬁx’itd Sh7} AAAA) Ae] I oo}
vz, B A4S Fat9 C+0001)9 2¥¥ 4AE conducting pathol
A AYFoRA ZnO vie| 2o Ao FFS mAd F &S -V
54 9 zero-bias AC 54 £4& Bdto] &9 & + gt

[& 22 8

=

]
Ao

[11 F. Greuter and G. Blatter, "Current control by electrically Active
Grain Boundaries.”, polycrystalline semiconductors, pp. 302-14 (1989)
[2] T. K. gupta, "Application of Zinc Oxide Varistors.”, J. Am. Ceram.
Soc, 73, 1817 (1990)
[3] M. Ta, B. Ai, O. Dorlanne, and A. Loubiere, "Different single
grain junctions within a ZnO varistor”, J. Appl. Phys., 61, 1562 (1987)
[4] A. recnik, N. Daneu, T. Walther, and W. mader, "Structure and
chemistry of Basal-Plane Inversion boundaries in antimony
Oxide-doped Zinc Oxide,” J. Am. Ceram. Soc., 84, 2657 (2001)
[5] D. F. K Henning, R. Hartung, and P. J. L. Reijnen, "Grain Size
Control in Low-Voltage Varistors,” J. Am. Cerm. Soc., 73, 645 (1990)
[6] J. -W. Lee, "Effect of Inversion boundary on Abnormal Grain
Growth in ZnO-Bi203-TiO2,” master's thesis, Seoul National
University (2004)

1 W. Jo, S.-J. Kim, and D.-Y. Kim, "Analysis of the etching
behavior of ZnO ceramics,” Acta. Mater., 53, 4158 (2005)
[8] R. Einzinger, "Grain junctino properties of ZnO varistors,” Appl.
Surf. Sci., 3, 390 (1979)
[9] J.-S. Lee and J. Maier, "High barrier effects of (000-1)/(000-1)
zinc oxide bicrystals: Implication for varistor ceramics with inversion
boundaries,” J. Mater. Res., 20, 2101 (2005)

- 1316 -



