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W B ELHBEAANRFOEERE SR PR R RS LR THEEE K
HRBRBBEHBFHAART. RAER-BEEHELT 0.950. 8Bi, ; Na, ; TiO3-0. 2Bi, s Ko 5)
Ti0;-0. 058rTiO; (BNT-BKT-ST) R4 /R & 3 B, I £ R A AR & AR T 2 50 & 4 Bl it A7
TREAZ . AR TRLEAANLEN . BE N L. RS Rt Tn. BRTELIRER
AEHEEBAER AT AEERG 2RGSO ERG. E2REAV . SRALARKML, EA
AARTREKFY BNT-BKT-ST $FBEAAZ XY RER T, EHFH R MEH; RALRAA K
WHTERERG . EEFTARGEREE O B R M AXBI&T BNT-BKT-ST # £
BFUJ=1.3X10"7A/em?); A # & T BNT-BKT-ST # a9 A4 & M Ak (e=470,7= 49%), %
WPk (2P, =14 pC/em?) fo i & M8k (dys, ;=80 pm/ V).

R RBREHER-BREGREAR; R Ei; A bk

pES RS 0646 Xihinl A

E BB R RE A8 SE B ALAR BE AN B BB RI AH B 5% 40, R R RSB Mg Fn A sa dE 68, B 0T YZ I B2 A
F oK AR TS SHRY. Pb(Zr—, Ti,) O, (PZT) 4845 2 B 418, 72 F vk [F) BV A 7 (MPB)
Rt B AR 5 0 2 M RE AR BR B AR AR 2, B RTZE R ML A5 A S BC . AT, S B R A
BHY EZFE G PO, AR B ER & S REF SR P SR E e, B F ARER. 5K, AT
BRPMARMSTTRERBENT R, BRI E LG E B A BB 75 Y. 1960 4 Smolenski % ZFLHY
ANEABHRT AR HRGNE  KRBNBA T ZHHR. KRBNZBTREF =278 F.2F
RIFMekm s, BRI RIRALRE P, =38 pC/em’ , EIR I BLH B e 24 240-400, & BIREE K 320°C.

B K BRI E 78 BNT Z&H 2] A BaTiO, (BT).SrTiO; (ST). (K, Na) NbO; (KNN) 2 % &
A MPB —JoEk = Joi4 2 BE¥E 4 AT LA 7= A= 4 85 B4 o 3R AR (0. 45 %6-0. 48%0) ™%, X MPB i =75 &
HLAH (R3e) BRI S A (P4bm) 7, B S A B S A UM B, XE=E BRI
AREJRETS. B4, B8 k% X (PNRs) £ 7E T MPB H, 44 K B 85 F0 T2 30K B9 H 4R B3 B 72 76 T MPB
R HE 454 o, PNRs U776 2 30 BNT BA BBAFHD . MM ER T RBEs B EHH K
MAERISMRIRE. 72 BNT H1i MPB X 50 5550 38 Uk , 7018 B AR AL A e 3 AR AL S5 AP R R AR AL B, dl ik 25
FFI L BE S M AR W B SN R R AF AR LW AE B, BNT B KB R TEEFEEI Rk
ERAMERITZH S HERERE , AR MPB Xt KB REREm.

WM EE S RSB A A R INE R B SR 25 (MEMS) 484 E X8 B T
AT BNT REEME M HRESE THRESE HFBENRAKENMARETLZEARKEERENHE
fEbe 4 BNT B BRAEIE Y B SETFRBERFH A NS ERABESE N, FREER
SER AREESEGEG AMARRAMT W B EEEDY . AT RRILRE, BRTREHWARE,
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1 kH

AL H R P AR G808 B ik e Pt(111)/Ti/SiO,/Si 44 IR £l & T 0. 95 (0. 8Biy 5 Nag 5 TiO;-
0. 2Biy 5K, 5) Ti0;-0. 05SrTiO, ¥ . AL F B o 2 B (99. 0%, Alfa Aesar) . Z BR8P (99. 0%,
Alfa Aesar) \ZBR48(98. 0% , Alfa Aesar) FIAEERES (98. 0%, Alfa Aesar) #R &8 1§ J5 I A VKBS BR (99. 8%, I
), Bt $E 60 min, SRJEHITALKERI T HS(97. 0%, Alfa Aesar) . ZBEAEH (99. 0%, PO MZ W2
Bt (99. 0% , PR IR A B WL BEHE 60 min, (I RAB BB EHAN K RBMBER .8 E 24 h R KBER
M. RAREREN T BB ITEABRBRBAERK L, SBRE&MFH 3 000 ¥ /min B & HEIER, i A
20 s. &2 400CH A 10 min, BEHEESSAMBKSEA T 750°C3B Kk 30 min, HEE B K 400 nm,

% i Bruker Advanced D8 X ST A7 51X (Cu 38 Ko 28, X SR K A=1. 540 6 A) 437 WEREAE & B4
Zity. R A Carl Zeiss, Merlin compact 3 2 5T HH B F B MG WE S WM HR. KA Agilent 4294
R BE LCR {0 X, 78 BB A3 o 8 A Wl i O, 38R 38 2 1 kHz-2 MHz, KR BE B Z 1R 5 R A Keithley
6517 A T 32 A 7 0 O R O 5 BV IR14R (- i 4R 25 2o 4% B T 30X (Precision Premier 1T, USA) 58 i 5
SRAH AN T SIT 2w SPA 400, SPI3800N J&-F 77 S 4% ] 3K T8 B 14 T W v iz .
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2.1 HHREIH

B 1Ca) A R R B4 48 B9 BNT-BKT-ST ¥ JE7E 17 41 A 20=20"-60° V& Bl P9 B9 X 5F &R A1 5t
(XRD)i%&. hE AT LLE TR KRR I — S 551, A M B, R AT R Ab B 5 78 b W AR
BRTH—EEE ERALIATHESLSATHERABISRREFNEE, HERET REHLH
BT EHEETFHE RS, FHACEESHESRENRES. B 1(b, O R ARIAREHBH
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BNT-BKT-ST # KR E FESEM & , 38 i3 1 8 ¥ 52 1 507 1 AR B9 AL BT o T AR EL R A8 i L
BRR. B AT IE H, RIUARS B BB R &R BN, EEPA AR N 50 nm, W R R 0 FLBE R B,
BUH BB 7R R AT R4 45 B W MR 80K, PR AR A28 70 nm, MR T FLBR R BT, BUE
BB, 7ERIRER AKEES ,BNT-BKT-ST #ERM4 B F K B, Na/K FH R, 1BR—E8 . H =0
(V750 Ve s Vo D » 22 A 7T DA BB B 25 5 A8 o 0 4 S 1% 328 » G645 JR B R R 53 0 K R, AT ZE 33 3 K K o
RLFE B AR A B ARG I A A R AR T R A A B AR R AT A T FLBR R . ERA
ARSA T REH T DRSS & RIFH BNT-BKT-ST M, EESSA T RS AA THBEKN &S S
AR K BRI . SRR SR BN S MBS A A T H R F R R 3%
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2.2 WAL B 1E-dq—
[l 2 7R R AR B 45 048 19 BNT-BKT-ST 45 1 8 o o 25 e n .
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B T R B U S B R 7E 0-50 kV/em [ BE 37 38 n i JE 4R 1 3% 1E-6 o
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K. MRS EE B J 75 E=50-400 kV/cm ff JLp B AUMRSURBSARE BNT BKT-ST
R, P S — A TS MRS g g, TRNREREIMERTILRE
7E 400 KV /em B, S SR B4 BI MBI IR s TR BE S 1. 3X 1077 A/ e , P2 A He 2 18 20 W B A
FAERG, BERE T W R S, 7 REE KRR, WA E R B, Na/K SR, B
B B B Z BV V s Vo ) I 2 8D B A 015 SR TR A 0 kL 7 A R S
BT A GBS TIE R AR B =4, S T MR AR B R 25 & WA T R A T TR O 5 ol o 5
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EH3 BRMEKKARSBH BNT-BKT-ST #BE8 A 635 S IR 66 B 3% (2) AT 3 (b) T 46 fh 2%

B 3 %R S A pess 41788 BNT-BKT-ST MR/ v % 3 (o) B L 35 (B) R R () AR AL i 8. 3Lk
R LS e 75 B B SR A H 2 AR I 410 T 470, 4 B T B4R B 41 % A1 49% » B A B
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AU AT TR/ » T E) A0 P 350 RE B B A T S K, SRR 0
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B 4 AR SR A4 480 BNT-BKT-ST R B EE )
RE. B EERALE B (P K 24 uClem? ,BIR )
RALIRE (2P K 12 pClem®. HAMEELAFI MK P 28 600 —400 2200 0 200 400 600
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s SRS E R, 7 10 V ME S E T R MR AR be 4545 2 W A IR R e LR 08 2 518 0. 52 nm,
0.54 nm. H M3 H A AR PE 5 2 HB K R A MR B R des, A5 F1 8 68 pm/V Fl 82
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Effects ofAnnealing Atmosphere on the Structural and

Electrical Properties of BNT-BKT-ST Thin Film
SHANG Xin-ting Al Caijiao GU Ya-xin LUO Jin-cheng LI Wei
(School of Materials Science and Engineering, Liaocheng University, Liaocheng 252059, China)

Abstract The piezoelectric materials have been widely applied in storage, micro-sensor and micro-
actuator due to their outstanding ferroelectric, piezoelectric and dielectric properties. In this study, the
lead-free BNT-BKT-ST thin films were deposited on Pt(111)/Ti/SiO,/Si substrates by a sol-gel pro-
cessing technique and subsequently annealed in O, and N, atmospheres, respectively. The effects of an-
nealing atmospheres on the structural, ferroelectric, piezoelectric and dielectric properties of the BNT-
BKT-ST thin films were investigated in detail. The BNT-BKT-ST thin films annealed in O, atmospheres
exhibits larger grain size and denser structure. Extremely reduced leakage current (J=1.3X107A/cm?)
was observed in the BNT-BKT-ST thin films annealed in O, atmospheres due to the depression of V7, va-
cancy. Moreover, it exhibits enhanced dielectric (e =470, 7= 49%), ferroelectric (2P, =14 pC/em?*)
and piezoelectric properties(ds;, /=80 pm/V).

Key words BNT films; sol-gel; annealing atmosphere; piezoelectric properties; dielectric properties



