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Abstract

Sn02-Zn,Sn0. composite ceramics have been prepared using the traditional ceramic process and
the relations between the current density and applied voltage have been investigated. The results
show that with the increase of Zn,Sn0, content, the breakdown voltage of the Sn0;-Zn,Sn04 com-
posite ceramics reached a minimum and simultaneously, the semi-conductive degree achieved the
maximum at x = 0.13. With the increase of Zn,Sn0; content, the barrier height changed slightly
and the value for each sample was about 0.8 eV at room temperature, whereas, the barrier height
increased obviously with increasing testing temperature. In the imaginary part of electric mod-
ulus spectrum, a peak was presented and with the increase of temperature, this peak shifted to
high frequency. From the shifting of modulus peak, the activation energy about 0.38 eV was ob-
tained according to the Arrhenius law. The results suggest that the Schottky barrier at the grain
boundary plays a key role in the origin of the nonlinear property for Sn0,-Zn,Sn0, composite ce-
ramics and the oxygen vacancies are important to the barrier formation.
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KAEGRELEHE T (1 -x) Sn0z + x Zn,Sn0,EEW%E, FNR TRMAKBER-BEELHELR. &
BRI FEEZIn Sn0 S BN, Hx = 0.13F, BA KL EERR, B EEEEREES V/mm.
MRS LEENERE, AL2FEMZnSn0. 52N MBIAHE, EEENRERE A ST
K, ZBERTHBNAREELN0.8 eV, F—FHMARR, AEEEMIEHI T IEE, EEHEEEHA
B, BT 5. @it Arrhenius3e RINE R, AR FIBIERELI50.38 eV, DL E&5 R EH,
AR R E S 2 RS0, Zn,Sn0, B S ERAEXMEREENEERFNZ —, &FM0F
Sn0,-Zn,Sn0. & & W& R IR L2 M A EEEMH.
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1. 518

R e — PP USRI, RS — R v RS L P S el BELAEL B o o el R i SR, B R
TP AR MR e R I RE R AR 77, DRI L SRAM R . F R AR, KR, THRAE[1]. BEE TR
FHRARIPREKE, HET, KEESEEEM R B - RBE A DRt B E A AN 78 1 2]
0B IR B B AR R T T 2 I ZnO. TiO,. SITiOs [3]-[5]1. Horf, K& ZnO SR 75N
RN BN 2, HIEA B E R, XRH T ZnO KB RHER BRI N I [5] [6]. Tio,
MR T BS54 BA d AR R 3], SITIO; IR EH & T2 E Ak, MAK R, AR
Az sk — e R XE[7] [8] b2 TAEE R0 S AN B0 J5 AT e B e PR E RE I [RIE, AE AW R R A 5
BIARURE L. 2005 4E, Zang 25 AR I SnO,-Zn,Sn0, B & Ml % BA R R B R, Bz RH S
HUE AR, & T AN, (R R IR LT VIR S A B ORI N AT S5 [9]. AR T
ZnO. TiO,. SITiOz KB LA R, Hul, Afi1%F Sn0,-Zn,Sn0O, 5 & Fa % AR S 7 AT R /0 [10]-[13]
XiF SNO,-ZNn,Sn0, 5 & Wi e i 2 AR R MR YR L 34 22 T LA L 1 S AL DL R AR = A F S IR AT AN TS 4
AR HILE 20°C~150C . 1~20 pA FIE IR T 50 pA~100 mA HL I TE Bl M 7 RE S IR - LR R &
fE-100"C~140C, 40~10° Hz i B P9 U 1 B 5 (AR X A FRL BRI A FRABFE . BT T SnO2-Zn,Sn0O, B4
VR R BURE I, XF Sn0,-Zn,Sn0, B A W K i 2E AR LR MEE IR . AT L 2 SAHLEREAT T 08T,
it — A SnO,-Zn,Sn0, 4 B & i 2 PR RE PR AL T4k

2. iR

Zn,SnO, WA I 43 B4t SnO, A1 ZnO 7E 1000°C R &AL 1 h 3715, SLIGmE 5% HE (1 — x) SnO, + X
Zn,Sn0, ELBIFRE SnO, Al Zn,SnO, VR AL, ik x = 0.11. 0.13. 0.15. 0.17. 0.19. FFEF L iR N
TOE BACEEER I JE e IR EERE S, INGE BRI ZEMEK, BREE 12 AN/t RS, IMAER LN 5%
RS A FNRA A iR, ERETE 200 Mpa [FE 71 FEGREEZ)N 1 mm, BN 15 mm I
SRGHERS, FRTE 1400°C Thedh 2 AN/ BARWEL, SRARB L, 16 600°C Rl MR ik, 51 H
TR EEL R 2% 2R 75 B v SR AR (KEI THLEY 2410) 045 o F i 1 iR 25 i AR AR X A H 8 50 DA B A5 RE AT



R 25

=T 20 T 1 (Agilentd294A) 75 . K F a = log(Jald ) log(Vao/Vy )i SERE i AL 1t 28, 3, A1 3y 43 1)
N 10 mA/em? AT 1 mA/em?, Vo AV 2351104 3, AL 3 X6 N7 L3798

3. HR5ITR
3.1 ESFFEMIEL M RR

B L OARER IR - BERR, WEIHRRTLUE H, Frafe s B A R R i, B Zn,SnO,
R, ARSI RS RSN EE . WE L IERTUUE H, BTA RS IR M R BRI, AT
3~5 A1k, Wil 1 4GB s .

EABOUT, PR H AR AR A, — o A S e 2 i ST A AR [14], 3 ob—F
F2 i S A AR BRI RE I [10] 0 X1 Ho 5B SR AR BRIFRE IR 51 S I M 22 AR 2R Ve 0T, ZEAMINHLSg R HFlkid 4 22 01
I EOR FLIRS A AFE DL R R &

J = AT? exp[(ﬂEl’z ~ds) /kT] (1)

X AR BEINEE, ENIMNEY), go ABRZERE, pret555 % 5 BB RSE doRiAN H0h 50 1 4
k IR 2% 2 WL

MRIE (L) AR I R, Eyp 5 INQIAT) Z IHAFAELRPE DS R, HNIZ LR R B T OR 38 22 =
K 2 RPTAFEMIEEIR T Ee 5 INQIAT)ZEIIIR R, MK 2 vLLEW, FraREmERES N Epn 5
IN(VAT) Z A B L ZEMESC R, X E W b AL 38 220 SnO,-Zn,Sn0, & A Fe e i IS Bk e AT S oa ik 1M
FL R 5 o 68 Ak T 14D A RR AR 1 T LA 3 3 AN [ 1 P M 5 4 A 7 TR e DA % eSO A5 Ot 4D LART TR bR R 4 e
[15]0 ARSEEG R F B 0 I AERE iR T A E AR FiAl, o] DA AT b v Bk D] Rl A5 e &5 4k St ThD 4 F v 51 k2 1)
AERRARFE o DR 0 BT AR e il SO0, X — B GAN S A2 /DB it R H B, T B A et 35 A e R
XK SNO,-Zn,Sn0, & A5 W B 1) L 2 AR LR MR I T YR T A 35 22

3 NPT FE A 2 m FE AR BB EBE Zn,SnO, B B MR O R NI AT LAE H, FF a1 R B
FL R RN 22 e B2 R AR AL AR A, RIBEE Zn,SnO, & B MRS INSG I8/ 16K o x = 0.13 A5 i S A5l
JE B f/ME 3 Vimm,  H3h 2 m B HIA Bl i /ME 0.77 eV, FTf FESL I ¢B {E7E 0.77~0.81 eV Z [A]48 4k,
XEEHE 5 ZnO R M SN0, F B & 194 22 2 2 (~0.8 eV) BUNBEIR [10]. AL T HIAsRE Ll Ak
PERBAEAE DL R K R [16]:

a=(v/E)gd’ 2

Hob EAHIAHEE, v A—HH, oNIEERIEREL. HERXTR, MBER%ELEN 1.0 mAlem? B, g X/E
B By AR, (2)zLUEH], H% 2 m R aT LLRIEI , A2t RE0S IO K 12 ik
JRR B, X2 SnO2-Zn,Sn0, £ i B o fE AR LR A S5 I o

3.2. SrEEFHE

MHHEECE RSN EES  —, @I BRI, AT A B TR S R R
TEHLEE . SREGRAL, AR TERMMLEILS. [ 4R 4(0)4 BIAARFIRE R x = 0.11 B S AR A B 5 &
A FEAURE tand IO . M 4(a) P el DUE i, BEA ARG, FF & (AR A i S el N 5 a1
BB AH, IXRIARE SN A U B AR AR 5 R A DG [11], RIS R, RS AR LR
FRME S 6 S 0GBl il B BT SRR i (R AR AT A L 02 T G K, X mT R S, R AR TR
JEE 38 0 S B o B S B AR AR S A A B R HAE 1 kHz S35 R A ) 3 x 10°, IX W, Sn0,-Zn,Sn0,
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Figure 1. The nonlinear electrical property for all the sam-
ples, the inset is the nonlinear coefficient changing with
Zn,SnQO, content
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Figure 2. The relationship between Ey;, and In(J/AT,) for all
the samples
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Figure 3. The variations of the barrier height ¢ and breakdown
electrical field E; ¢ for all the samples
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Figure 4. (a) The relative permittivity spectra and (b) dielec-
tric loss spectra for the sample of x = 0.11 measured during
—100°C - 140°C

[#] 4. () —100°C~140°CSEREIA x = 0.11 HFHEXNEE
HYhiE; (b) /TERFESIE

BEEFEABRE - IRBOThae R, e RS BLTE SR TR S8 6 IO BB A 5
ML A()RT LA W, R A B AR R AT 2R ()38 0 S e/ i 8 T VR T S5 PR EG N, v A X s 453 1 3
FH IR 2 i 1) FRUER S S o IR 280 i ) A3 i B H B T A FELASFE DR K
M™=1/¢" =1(e'-ie") = g'/(£’2 + .9”2)+ ig"/(g'2 +€”) =M'+M"’ ©))
NT 4B H XA HARFE R BTN, RATIRIE Q)G A B B SR E AR MY, x = 0.11 FER
IR B R MRS G 1] 5 B . AN S T RAE Y, BEE IR H0ARAL, oSS R it v tH R 1 Ui, L.
B A I I P (R T s, MU [ = S X SR Bl . AR (4) BT AR Arrhenius 06 &,
f.(T)=" exp(—Efp/kT) (4)

Hr, f RIGEALRIINZ, Eq AIEEE, kK RBURESHE, T RLXRE, fo A% B 5 EmESGH T
In(fy/fo) 5 1000/T Z [AIFILRPER R, G AT1RIELAE B MIMEHZI N 0.38 eV, 1X —HUHE Lz b i 34 22
HE(Z8 0.8 eV)RTF 2, Rk, iZsth I FEAS T RE S fh R4 22 51 S . #E Cheng S5 A\4RiE, ZnO R
Mg AP A0, HIGEELI 2 0.35 eV [17]. ¥ Zang S8 A, Cr,03 #5441 SnO,-Zn,Sn0, &
PRt B T 2RI b R R, IS IEEZN 0.4~05 eV, HINNIZA bt A2 5]
(I[13]e ST AT L) SnO2-Zn,SnO, A W B RE,  FRSTRE S th LAY A F sth 70T RE 2 B A
AL 5] .

K6 4 x = 0.11 IFERAEA R L T I By 5 INQUAT,) SRR, MBI BUE Y, BEER T,
Eie 5 In(J/AT,) Z [AIFZEME ¢ RIFHTAE S M . ASCTE 10 pA A FTAE IZR o0 N5y, F600 BilidkAT 21
A, FEARFENRE N &R A 2EE, W 7 fros. AET7 mTUURIL, TERCR B X R/ U X
B, BRI S g2 v R SS BE IR B P T R O . PR IR R, SRR RS IR B 3G O, B TIR
FEHREIE R, IX {75 B B2 Ah R R S oK BB S 3y, AR A4S 35 22 =1 B e HOK[16], I TR BE I3
KAl e 58 20 BE A 5.
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Figure 5. The electric modulus spectrum and the relationship
between In(f,/fo) and 1000/T for the sample of x = 0.11
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Figure 6. The relationship between E;/, and In(J/AT,) for the
sample of x = 0.11 at different temperature
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Figure 8. The ac conductivity spectrum for all the samples,
the inset is the variations of the ac conductivity for all the
samples at high frequency
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HLS R G HR BA RSB RKBIC R, BEE SR I SURE K o FE AR BRI A i 1) L 3 R B AR A
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Ny AR X = 013 AR IS RO, IR IIFERLTE x = 0.13 Abdb ki~ AR IR . AIA] 3 Al
8 FEIAKER Y, RSB S AT 3 R EE Zn,Sn0, B IR, Zn,SnO, B A fi1S
Sn0,-Zn,Sn0, B &5 EE A fi kL RENE - 4L, A FEM B AA RS R BeRE. tst2 ¥, Zn,Sn0, 115
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FIZHIGS, A EIEH AR . H Zn,SnO, BN T BUA S MR R AL B Ae I F A TS 2, P09R
RN I

4. #5ip

AUCGRIGH % T HUE M SNO,-Zn,SnO, A M RE S, FIAHRE I HAT F ARk MR, A 4 1
SNO,-ZN,SN0, 5 4 Wil 1 L AT P2 A 2 Pk Pk R (1) T 32 5 [K], 4825 B X SnO,-Zn,Sn0, 54 W i S 44 22 0 %
PR A B R 2 SRR T AR . Zn,Sn0, (5 AZHE T A 2 (0T RL,  [AIHE43 SnO,-Zn,Sn0, H &
Wil 2 R A P A 1) 7 F A
E&mHE

E % {83 4 R B L 10 (11447008); 0 7 4 OB T RHAH AW 7T H 200 H (14A480001)
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