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Abstract: This study focuses on the effects of doping Zn,BiVOs and Co0304 on the sintering and electrical properties
of ZnO; where, ZZ consists of 0.5 mol% Zn,BiVO¢ in ZnO, and ZZCo consists of 1/3 mol% Co304 in ZZ. As
7ZnO was sintered at about 800°C, the liquid phases, which are composed of Zn,BiVOs and Zn,BiVOs-rich phases,
were found to be segregated at the grain boundaries of sintered ZZ and ZZCo, respectively, which demonstrates that
V.’ (0.33~0.36 eV) are formed as dominant defects according to the analysis of admittance spectroscopy. As Co30s
is doped to ZZ, the resistivity of ZnO decreases to ~38%, while donor density (N,), interface state density (%), and
barrier height (@&,) increase twice higher than those of ZZ, according to C-V characteristics. This result harbingers
that ZZCo and its derivative compositions will open the gate for ZnO to be applied as more progressive varistors in

the future, as well as the advantageous opportunity of manufacturing ZnO chip varistors at lower sintering

temperatures below 900°C.
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Fig. 1. Phase diagram of ZnO-BiVOa.
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Fig. 2. XRD patterns of synthesized Zn;BiVOg powder.
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Fig. 3. XRD patterns of ZZ and ZZCo sintered at 900°C.

100 T T T T T T
:\; 90 g
2 80t y
)
% -
A 70+ i
) I
2 —a—77
o 60f
o) —e—Z7Co
o

800 900 1000 1100 1200
Sintering Temperature ( °C )

700

Fig. 4. Relative density of ZZ and ZZCo sintered at various
temperatures.

oA AUSF Y AL X & U MY &
7190 700°CoIA Cos0sE A7I3H 7Z2Co°] a7t

=
77 Bt} 9%e 712 Co*7} ZnO 7]X](matrix) o]
Zn®ol| B8 x|3ste] oy 2 AASIL o]2 F8ts}]
Qstol 1,9 %7t o|ojA Frenkeld Zg HPo|
oef & A 9 st 4,9 57t g4Ast £
7] RA|Yshrt AAE= Aoz et [19]. 800°C o]
Aol A7 LToAl= Zn,BiVOsQ] stz MAFA o
olgt A|YUsrt 7H4E 7] miEo|tt. whakA 800°ColA

ARREE IARE o RAIZ A8 94% o9 E=S

[e]
e

ol

71

| O] 2 E(~99%)0] £ 0]
2 %59 Hojg £

UeRd Zolct,
wasts tEA9 ZnBiVOsrich A BAIR 7
o, MwAPEoz 7§ Zn0o WRURe 77
15.1 wm(ZZ)x} 8.57 wm(ZZCo)Z2 AAtEQITH 779}
77C0% OlAl7EE APAQ Bi-ZnOA vlelAE|7t
Zr Ol A} SARSIO], BiOyrich Abo] oi3tut &
Ugt 71%5e 2t oz WoHc [2-9].

dqet Az AYaR A
ZnBiVOsS AR ol F AHgstol ZZ9 7ZCoe| A
. ZoBIVOs (R, vl 0]

I o]fojon, o] o]gsh

oA ROA shdEE ZnO YA

ol r
B
rlo
i)



78 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 30, No. 2, pp. 74-80, February 2017: Y.-W. Hong et al.

779} 77Co0llA WiFaZo] o3t XYshe= ~800°CH
B 719 ¢aHe A Q

2 gRE Zn0 4A
Zn0°| 7] XY=

o A AR oict

3.2 Admittance spectroscopy (AS)

120
100} 1 MHz,
(7]
S 80t
® —— 1,000 Hz
O a0} — 3182
= —— 10,000
8 —— 31,623
S 40 — 100000
S —— 316,228
S 20p — 100000 100 kHz]
(@]
o+ 1 kHz
-200-150-100 -50 O 50 100 150 200 250
T (°C)
120
ol ® P1
(72}
\:’x/. 80t 1 MHz|
© —— 1,000 Hz
O 60 — 3162
% —— 10,000
= —— 31,623
8 40F — 100000
S —— 316,228
8 ol _wy\/m kHz
0r 1 kHz
-200-150-100 -50 O 50 100 150 200 250
T (°C)
6 :
(€} zzco
4l
2} 7
IS
B ot n
£
-2+ u

2.5 3:0 3f5 4f0 4..5 5.0
1000/T (K")
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Table 1. Summary of C-V characteristics of ZZ and ZZCo
sintered at 900°C.

. Ny N, Dy w
Composition 18 3 12 I
(x10° em™®) (x10°° cm™) (V)  (nm)
77 1.0 4.5 2.2 46
Z77Co 2.5 9.8 4.1 39

FESt ojmfo] FuppE APY| FAI FIba(self resonant
frequency, SRF)2} sttt ZZe} ZZCoollA |Z]19] Z]A|
e 717} 0.104 Q(f,y = 0.405 GHz)® 0.07 Qf,s =
0.374 GHz)o2 &AE g on, 8|xg 77t 0.22 Q
cm?t 0.15 Qem=Z AAE T ZnO HEE] AE A
Zn0 A" vAZ2 1~10 Qemz A AR g
1 Qcm Bt O @H2 XS 7iYshe Zlo] S48t
AES AAlst=t =&°] "t [2,3.21]. TatA ZZ
259 Cos04(1/3 mol%)s A7t ™ ZnO 27dH<
A F2 ~38% HolA|A =Bz ZnO HRAEZ
g3t o 3XF FH(>10° A/cm’)o] AR-HL H]k

A5 =0 =HEg Hop 43t vREJAEHE AR
A wobrt) [2,3] 22y Cos042] A7l
at% olfoz F/tESE Zn09 HIAYZ EOobX|H,
Zn0O vt AE 9] RAgn AAL2 w0 e} thEX|gk o]
IF olstz AVt A4S vINEE AAR sk &A

SRS FEY & AZ ez wodHog [22]
gF 770 Co3049] 72 Hojot Zn09] v]A|g}o]
opil deleg= 3 A9 C-V 54ozREH &
Uszo Z7H® 1 Fa)2 & 4 7o

oo

L

-

+

4> ol o
o Mot

AL oo

3.4 YHBY-HA(C-V) SY

o 82 900°CollA 273 779 7ZCo% C-V &
UeRd Zojt, & 12 A (1) (2)=2F A4t

o |4
i

E(N) 2 ) Ae A
A(W)olct. O 83 ZFo] C-V

I
i
ol
Jal
=
<
)

4 rg
ox
Uiy
1=}

Schottky o] @4dslo] 982 et

doped-BaTiO32} ZnO B
=2 2l "o} [16,17].

AR C-viieg Aiket ZF metol8&E(Ny, N, dy,
W)e £4 Fuppet o] el Wt

Fu off O Jjm 4% ok ox
Fr oXx i
=2
>
r
N
N
r)l
Ae)
=2

_,d
i
> %
o
ojn
=2
2
el
rﬂ:
>
lo |

2% 29
O 2 =& v, el EAol ola) Ay 2R}

10 T T T T T
T o9t e -
) o 9 -0 @
“8 osl **° ccooosoosso0eese ]
x
~_ 07¢ _
o W
)
S o6} .
S
: 05 1 1 1 1 1
0 10 20 30 40
Bias (V)

Fig. 8. C-V characteristics of ZZ and ZZCo sintered at 900°C.

[23.24]. ZZol| Cos045 A% A7 4%, No= 2.54]
(1.0-2.5x10" cm™), N= ~2.24}(4.5-9.8X10'? cm™),
Op= ~1.98}(2.2—4.1 V)2 Z7}5HA]TF, W= 46 nm
oAl 39 nm=z AE AT A (1)ak Zo] N.ot
Op= M2 G TA0]EE Nt 2900 &y HOFA|
A9b @3] £ A9 ZAibes Ne@b &= Col 47}
of ofsff w& =opiil Al (2)0] @t N= F7ist A

EYEES =olal AAY &t NE
S Zfshs o=A dRtsoR ZnO Ht
2HOJA Coo A7P7E A9 HigaE 542 37
AA71E 92 Fdstet sl [2,3,19].
f g AgaE F7HAIRD ZnBiVOss ©
&3 ZZo Cos045 A7HZZCO)E H%,
S

ofy
=,

ZZ tj8] 4

B AoA Be odar HrEIQ ZnBiVOeE
olgste] 729 ZZCool That 2w A7A S4o

thste] WA Aut cheat e AR Yotk



80 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 30, No. 2, pp. 74-80, February 2017: Y.-W. Hong et al.

2729y ZZCoolA AMEA E43H ZnBiVOs=

28 QAo Bmslo] Zn0o] MAAZA HI7A|
stz AREY & Qlgo] =EelEqlen, Zn09 &
2 ~800°C7HA] @& & Qo & RAAA =% VS
| Yeron, ZZo] Co30.2] H7F2 Zn09] H]
Ao, =UErot AHASEH
(o]

27

>

ol
-~
O

g ~38% 3E %
=

lo O fg &2 o n2 3 mﬁo{ﬂ
LE S KT o% g

U AEol2 U & Yolch WA Co0,
g 77Co x4} o2 &I HAaY mHAY
o oloz 043l 7n0 HlAE =4S pH
ofe} met e AZLEoA AAT 4 o] ¥
we Ax Wbg Sug 4 e odo] Ug A
2 woe g
2ol 2
B oepe 47980 AUk 2015ds A
Hg 7127WLARA(No. C0298576)0] A7Lyoz 9l
¢ Andg waun

REFERENCES

[1] C. J. Jagadish and S. J. Pearton, Zinc Oxide Bulk, Thin
Films and Nanostructures (Elsevier, Amsterdam, 2006) p. 17.

[2] D. R. Clarke, J Am. Ceram. Soc., 82, 485 (1999). [DOI:
https://doi.org/10.1111/j.1151-2916.1999.tb01793 .x]

[3] T. K. Gupta, J. Am. Ceram. Soc., 73, 1817 (1990). [DOI:
https://doi.org/10.1111/.1151-2916.1990.tb05232.x]

[4] S. Hirose, Y. Yamamoto, and H. Niimi, J Appl Phys.,
104, 013701 (2008). [DOI: https://doi.org/10.1063/1.2949262]

[5]1 K. Eda, IEEE Elec. Insulation. Mag., 5, 28 (1989). [DOI:
https://doi.org/10.1109/57.44606]

[6] R. Einzinger, Ann. Rev. Mater. Sci., 17, 299 (1987). [DOLI:
https://doi.org/10.1146/annurev.ms.17.080187.001503]

[71 M. Inada and M. Matsuoka,
(American Ceramic Society, Columbus, 1984) p. 91.

Advances in  Ceramics

[8] J. Kim, T. K. Kimura, and T. Yamaguchi, J Am. Ceram.
Soc., 72, 1390 (1989). [DOI: https://doi.org/10.1111/j.1151-
2916.1989.tb07659.x]

[91 Y. W. Hong, H. S. Shin, D. H. Yeo, and J. H. Kim, J.
Korean Inst. Electr. Electron. Mater. Eng., 24, 876 (2011).

[10] M. Mirzayi and M. H. Hekmatshoar, Physica B, 414, 50
(2013). [DOI: https://doi.org/10.1016/j.physb.2013.01.020]

[11] C. W. Nahm, J Am. Ceram. Soc., 94, 3227 (2011).
[DOI: https://doi.org/10.1111/.1551-2916.2011.04812.x]

[12] ACerS-NIST Phase Equilibria Diagrams CD-ROM Database
Version 3.3, Fig. 13290 ZnO-Bi,0;-V,0s5 phase diagram
(2010).

[13] M. Bosacka, M. Kurzawa, I. R. Himmel, and 1. Szkoda,
Thermochimica Acta, 428, 51 (2005). [DOI: https://doi.
org/10.1016/j.tca.2004.09.025]

[14] F. Greuter and G. Blatter, Semicond. Sci. Technol., 5, 111
(1990). [DOI: https://doi.org/10.1088/0268-1242/5/2/001]
[15] Y. W. Hong, H. S. Shin, D. H. Yeo, and J. H. Kim, J.

Korean Inst. Electr. Electron. Mater. Eng., 24, 882 (2011).

[16] K. Mukae, K. Tsuda, and I. Nagasawa, J. Appl. Phys.,
50, 4475 (1979). [DOI: https://doi.org/10.1063/1.326411]

[17] L. F. Luo, Appl Phys. Lett, 36, 570 (1980). [DOI:
https://doi.org/10.1063/1.91549]

[18] A. Smith, J. F. Baumard, and P. Abélard, J Appl. Phys.,
65, 5119 (1989). [DOI: https://doi.org/10.1063/1.343190]

[19] Y. W. Hong, Y. J. Lee, S. K. Kim, J. H. Paik, and J.
H. Kim, FElectron. Mater. Lett, 10, 903 (2014). [DOI:
https://doi.org/10.1007/s13391-014-3331-3]

[20] F. Greuter and G. Blatter, Semicond. Sci. Technol., 5, 111
(1990). [DOI: https://doi.org/10.1088/0268-1242/5/2/001]

[21] L. M. Levinson and H. R. Philipp, J Appl Phys., 47,
3116 (1976). [DOL: https://doi.org/10.1063/1.323059]

[22] H. R. Philipp,
Multiphase and Composite Ceramics (eds. R. E. Tressler,
G. L. Messing, C. G. Pantano, and R. E. Newnham)
(Prenum Press, New York/London, 1987) p. 481.

[23] B. S. Chiou and M. C. Chung, J. Electron. Mater., 20,
885 (1991). [DOI: https://doi.org/10.1007/BF02665979]

[24] Y. W. Hong, Y. J. Lee, S. K. Kim, and J. H. Kim, J.
Korean Inst. Electr. Electron. Mater. Eng., 26, 38 (2013).

Materials Science Research, Tailoring





