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Precipitation of Al-doped-ZnO(AZO) ceramic targets and
determination of its resistance properties

WANG Zhi-yong, PENG Chao-qun, WANG Ri-chu, WANG Xiao-feng, LIU Bing

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: AZO(Al-doped ZnO) target materials were prepared by two-step sintering techniques. The AZO ceramic
targets were characterized with XRD, SEM and EDS. And the resistance properties of AZO targets were analyzed. The
results show that the second phase ZnAl,O, is detected when Al,O; doping concentration is 0.5% (mass fraction).
ZnAl,O, diffraction peaks are enhanced and the grain sizes of AZO target are reduced with increasing the doping
concentrations. With increasing the second-sintering temperature 0,4, the grain sizes of AZO targets and the relative
density increase. The electrical resistivity reduces with increasing the second-sintering temperature 6,4, while increases

with increasing the doping concentration. The electrical resistivity is 2.9X 102 Q-cm at the frist-sintering temperature of

1 400 C, the heating rate of 10 ‘C/min, the second-sintering of 1 350 C and holding time of 16h.
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Fig. 1 XRD patterns of AZO targets with different

concentrations
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Table 1 Lattice constants of ZnO targets with different Al,O;

doping concentrations

Lattice constant
W(AL,O3):wm(Zn0O)

a/A c/A
0:100 3.249 30 5.200 70
0.5:100 3.25272 5.208 03
1.0:100 3.259 40 5.214 83
2.0:100 3.255 84 5.209 09
2.5:100 3.249 90 5.203 16
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Fig. 2 SEM images of AZO targets with different Al,O; concentrations: (a) w(Al,05)=0; (b) w(Al,03)=0.5%; (c) W(Al,05)=1.5%;

(d) WALO3)=2.5%
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Fig. 3 EDS energy spectra of AZO targets
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Table 2 Elements Zn, Al and O concentrations of AZO

ceramic body

Mole fraction/%
Area
Zn Al O
1 29.39 22.96 47.64
2 4431 22.86 32.83
3 11.11 39.44 49.45
4 74.77 1.83 23.40
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Fig. 4 Relationship between 0,4 and relative density of AZO
targets at O=1 400 C, v¢=10 ‘C/min and #,4=16 h
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e .

Fig. 5 SEM images of AZO (w(Al,05)=15%) targets prepared in two steps-sintering at 6,=1 400 C, v4=10 ‘C/min, #,=16 h and

different 6,4: (a) 1 350 ‘C; (b) 1 300 C; (¢) 1200 C; (d) 1 100 C

£3 A O, N AZO FUM I P A
Table 3 Electrical resistivity of AZO at different second-

sintering temperatures (6,q)

Electrical resistivity/(€-cm)

Ond/C wALO)=  WALO)=  WALO;)=
1.5% 2.0% 2.5%

1350 0.029 0.112 0.71

1200 3.6 5.5 6.2

1 100 19.8 222 116

2) Al {5750 Al {E ZnO FTIERTE, ALOs Y
ZnO "EHE ZnALO, S EEHI I, IX LT A2 B 55 —AH
ZnALO, X ZnO WL SRS “Z9m” MEMH, A
HI IS 3) B0 ZnALO, FHBR IR ks
P SN, BEAT B B T TR, st
S HIPERES

3 i

1) AZO FEMHIATIHIEL ZnO SRR ARERT S 14
20 NGk BB At ALOs B2%IRIEHE N,

XRD # i HH ILEFER AR d A1 AH (Zn AL O ) FRIAT ST , i
WA a I ¢ ISR G I

2) 7E O4=1 400 C. v=10 ‘C/min. O,q=1200 C.
12=16 h [RIEREE ST T, WALO,) B2 5 0 [RHRF 1)
BeERE, N 96.56%. BHA 0. MHEE, AZO FEMAH
X 8 JEE ST R T

3) BB HUBH R B LS SR Oy MOTH T RRAIG,  7E
04=1400 ‘C. v¢=10 C/min. G,=1350 C. t,¢=16h (¥
REET 2R, AZO(WALOS)=1.5%) 444 1 Fi BHZAV Ky
0.029 Q-cm.

REFERENCES

[1] JIANG L N, JIANG D M, KIM K H, SHIM K B. Influence of
texture on electrical properties of ZnO ceramic prepared by
extrusion and spark plasma sintering[J]. Ceramics International,
2007,33(1): 107-114.

[2] YAMAGUCHI H, CHONAN Y, ODA M, KOMIYAMA T,
AOYAMA T, SUGIYAMA S. Thermoelectric properties of ZnO
ceramics Co-doped with Al and transition metals[J]. Journal of
Electronic Materials, 2011, 40(5): 723-727.

[3] NOMOTO J C, KONAGAI M, OKADA K, ITO T, MIYATA T,
MINAMI T. Comparative study of resistivity characteristic

between transparent conductive AZO and GZO thin films for use



523 5 12

EEH, %

AL P R (AZO) SR 1) il 24 S L R BELAE R A0 8

3347

[12]

at high temperatures[J].
2937-2940.
SENGUPTA J, SAHOO R K, MUKHERJEE C D. Effect of

Thin Solid Films, 2010, 518(11):

annealing on the structural, topographical and optical properties
of sol-gel derived ZnO and AZO thin films[J]. Materials Letters,
2012, 83(15): 84—87.

JEONG S H, BOO J H. Influence of target-to-substrate distance
on the properties of AZO films grown by RF magnetron
sputtering[J]. Thin solid films, 2004, 447/448(30): 105-110.
gk, skdEfE, RIMAL LM, MARN, K BEA
PR AR e FLR B I ) 46 S Pk REZM BIT[CY/ S5-Iy
REATRE N T 2R S0, TR DIREATEL, 2010: 39-41.
ZHANG Jing, ZHANG Wei-jia, ZHAO Er-jing, SHEN Yan-long,
YANG Dong-jie, LIN Jun. Preparation and properties of AZO
powder and ceramic target[C]/ Seventh China Functional
Materials and Applications Conference. Chongqing: Journal of
the Functional Materials, 2010: 39—41.

VRS, £ UL B B mE RS e
ZnO:Al HEF ()5 26 KGRI X BT[], DHREM KL, 2007, 38(9):
1457-1459.

XU Ji-wen, WANG Hua, REN Ming-fang, YANG Ling.
Preparation of higher dense and low resistive ZnO:Al target and
analysis of defect[J]. Journal of Functional Materials, 2007,
38(9): 1457—-1459.

JUERME, BORUR, REUE, HIRGE. HAPK ALO; Hil# miEk
BE ZAO JEM ], BRI EHIA, 2005, 23(1): 44-47.

FAN Jin-peng, ZHAO Da-qing, WU Ming-sheng, DONG
Min-chao. Preparing super-dense ZAO target by doping ALO;
nanopowder[J]. Powder Metallurgy Technology, 2005, 23(1):
44-47.

e W, RS, TR meHME ZAO K REA K
Ml [0]. ootk AL 2004, 23(2): 31-34.

LONG Tao, ZHU De-gui, WANG Liang-hui. Highly conductive
ZAO ceramic target and thin films preparation[J]. Electronic
Components & Materials, 2004, 23(2): 31-34.

SHIROUZU K, OHKUSA T, HOTTA M, ENOMOTO N, HOJO
J. Distribution and solubility limit of Al in Al,Os;-doped ZnO
sintered boby[J]. Journal of the Ceramic Society of Japan, 2007,
115(4): 254-258.

WANG Xing-ming, BAI Xue, DUAN Hua-ying, SHI Zhi-xia,
SUN Jing, LU Shi-gang, HUANG Song-tao. Preparation of
Al-doped ZnO sputter target by hot pressing[J]. Transactions of
Nonferrous Metals Society of China, 2011, 21(7): 1550—1556.
ZHANG Y L, YANG Y, ZHANG X P, WANG W Y, CUI P,
SONG W J. Two-step sintering of pristine and aluminum-doped

zinc oxide ceramic[J]. International Journal of Applied Ceramic

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

Technology, 2011, 9(3): 1-8.

TG, EHA, R, B, K K TR
Bl B M A A i R IR S R (D). B RE S RL, 2011, 42(7):
1197-1202.

WANG Xiao-feng, WANG Ri-chu, PENG Chao-qun, LI
Ting-ting, LIU Bin. Effect of process conditions on strength of
BeO green boby prepared by gelcasting[J]. Journal of Functional
Materials, 2011, 42(7): 1197-1202.

YAMAGUCHI H, CHONAN Y, ODA M, KOMIYAMA T,
AOTAMA T, SUGIYAMA S. Thermoelectric properties of ZnO
ceramic Co-doped with Al and transition metal[J]. Journal of
Electronic Materials, 2011, 40(5): 723—727.

CAI K F, MULLER E, DRASAR C, MROTZEK A. Preparation
and thermoelectric properties of Al-doped ZnO ceramics[J].
Materials Science and Engineering, 2003, B104(1/2): 45—48.
CHEN H, XU X J, HNG H H, MA J. Characterization of
Al-doped ZnO thermoelectric materials prepared by RF plasma
powder Ceramics
International, 2009, 35(8): 3067-3072.

TASAKI S, TATAMI J, NAKAKO H, WAKIHARA T,
KATSUTOSHI K, MEGURO T. Fabrication of ZnO ceramics

using ZnO/ALO;

processing and hot press sintering[J].

nano-composite particles prepared by
mechanical treatment[J]. Journal of the Ceramics Society of
Japan, 2010, 118(2): 118-121.

SHIROUZU K, OHKUSA T, HOTTA M, ENOMOTO N, HOJO
J. Distribution and solubility limit of Al in Al,Os;-doped ZnO
sintered boby[J]. Journal of the Ceramic Society of Japan, 2007,
115(4): 254-258.

TAGA H, KINMUCHI Y, YILMAZ H W, NAKANO H,
NAKANO H, TANAKA S, MAKIYA A, KATO Z, UEMATSU
K. Orientation dependence of transport property and
microstructual characterization of Al-doped ZnO ceramics[J].
Acta materialia, 2007, 55(14): 4753-4757.

CHENG LH, ZHENG LY, MENG L, LI GR, GU Y, ZHANG F

P, CHU R Q, XU J Z. Electrical properties of Al,Os-doped ZnO

varistors  prepared by sol-gel progress for device
miniaturization[J]. Ceramics International, 2012, 38(Sl):
S457-S461.

COLDER H, GUILMEAU E, HARNOIS C, MARINEL S,
RETOUX R, SAVARY E. Preparation of Ni-doped ZnO
ceramics for thermoelectric applications[J]. Journal of the
European Ceramic Society, 2011, 31(15): 2957-2963.

HAN J P, Mantas P Q, SENOS A M R. Defect chemistry and
electrical characteristic of undoped and Mn-doped ZnO[J].
Journal of the European Ceramic Society, 2002, 22(1): 49—59.

(4mig  FTHBLD)



