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BHLER EHIFE SrosBagsNbOg $KEE IR A E e R 5

RILE, BRE, K F
(1. s RE L XFHALE L, 5 KK 150000)

w E: REENEREWST SrosBacsNooOs(CBN50) Sk AE. IR T pH M EDTA
& FIRXY Sr-Ba-Nb MTIRE VI ROA B YER R, F xR pH &4 T K88 Sr-Ba-Nb T #
B&VALH BHERES TR THMEREREN, H4& Sr-Ba-Nb RUK kB A K4 pH=8,
EDTA: & B EF (B/RH)=2:1. 78 700°C Ti X 30min F1§ SBN50 # b8 —BEFEN L
M. FRT, WRME 1kHz i, BENTRBEECH 221, MRBEEN 0.02, B A RALIRE
P, = 8.17uC/cm?, 5% E.=16.9kV/cm.

x 8 9. RMEGEE, AUERE,; mke

FES#S: TB43  XEFIRE: A

1 5]

R LR (Sr;Ba;_.NbyOg, 0.25< z <0.75, {fi#F SBN) B F U 7 & FHBEH. HE{K
TR R AR RN, MBA RS R REOV R MR R 6 10~100 45, Tk
R RRELEY 1/10, T2 AT HESLEEEHNSE. SBNESANABRLRN
H—ER KB, BRSRE MRBEAD, TUREBERS, B, SRHEEE. MER
PR MRS B AR 09 SBN BB A kB, WA TR, Fh LS SHE, B
MR AR T, BWFLLM SBN BEEEE K, MHLRHs. Fit, RASHFRY
WL 4 R 5 R SME A SBN MRLAL 0 76 B B &5 SBN AHEHRL B 89— KB R

H#7, SBN &ML AR - BRI EHE 0 AR EY VS BEL, W2
B, TEE., TR, TRYS, ATLEMERI KM ARENGIBHERG LG
B R, BEHGEETERY. ETXHHR, ENP5 SBN MMM AR, RA
MUK, & EERERA KSR TR (PLD) AR EE T K2R ARE - By %
14 7 SBN M. TIE /N % SBN MBI 6 CRMBER B ANFZ. FEK, RAGIE
B 7 ¥ (Organic gel method) Hi % MM N BERZIEN. HIERERULBERR, W
PR, Z M ZER (EDTA) HEAH, 54BBFRRKBEESBERLESY, L
S A A M. KRR M TR WA KB PR A M, SR8 sol-gel
B & BB 5K BT AE A TRTME SRS, TLOERSHAS RN, TY
W, REARNRE. BT, AAVERECHE T SHE&aME, 1 BaTiof, SrTiol,
B ¥ 5 T % 47 2 W 45 SBIN TR0 03K -
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FHEFAR A A VLG A % SBN ML, FAMERRMZ KN 28 (EDTA) h&R
Bai, MENERELHMHRREE, HEKBEENESRE - TRRESWHERNE
A% -EDTA | 9l -EDTA Re-& %W, AR AR, #4% SBN Skei ¥R, Hx4¥ M
BB AT RAE.

2

2.1 SBN5OZE HEMEIE
R FI B4 ) NboOs (M B >99.99%) . M7 254 Sr(1V03), » BalNQ3)y , HF . (NH,)2C204
Ja Rk AR 2. BE R Z, 0 (EDTA) &AL, L& 7k A 6mol/L R AR IF 35 % W49 pH

( EDTA aqueous solution J [ EDTA aqueous solution ‘ Citric acid aqueous solution ]

Strontium nitrate Barium nitrate Nb,0s-nH,0O

LSr-EDTAsolutionJ [ Ba-EDTA solution J Flb-citrale solution ]

EDTA acid(molar ratio of EDTA: metal
ions =2:1)
v NH,'nH,0(pH=8)

Drying at 80°C

l Heat treatment at 350‘CJ
[AnnealingaMOOJOO‘C ]

B 1 AVNEKIEHWESBN GE#METIZRER
Fig. 1 Flow chart for preparation of SBN thin films by the organic gel method

B H % Ba-EDTA , Sr-EDTA #1 Nb- #¥BRBREC &Y, REF BRI (9] HERE
Sr:Ba:Nb=0.5:0.5:2.0 4+ 5 &2 B S--EDTA |, Ba-EDTA fI Nb- BB, W= BRI SRE
&, ¥ EDTA: £ BB T (BE/R )=2:1 In A\t B & EDTA, 3 F & /KiH3 pH {4 5] 8 #0110,
VABFSE pH (X BB RS R0 T 00 . 1 B3R5 Y 2 W A IR 38 £ PR WRZE 80°C 34T T4, B RN

Repeat
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R 15mPa-s (URTIRGR B M. AR5 HE UL P VRN ¥4 0R B ZE 1 2em® B9 Pt/Ti/Si02/Si(100) Z f |k
(4000r/min, 20s), Ff BB E 80°C F4%, B 350°C , {R12 30min $4rR. & T H N E
B, BE LRER 5K, BB 5% 400, 500, 600, 700°C T iR k 30min, F & Sro.5Bao.sNb2Os
HKEEE HHSTZHARME 1R,
2.2 (B

% F H 7= 2028 # % -D/max-1IB & X ST ENTH NN E A F R AKRE THFE #ES HE
i B Netzsch-stad49C BILGE G AT 0N 2 -F 5 A TG-DTA W4k, 2B 6 X T 5
B AR BT a8 T a@Bd EERet, SRkl Pt, A HP 4294A RIFHAT 4T
{0 B e G A AR B ) RTCSA T8 8k ma i) 15 (S0 ) B2 8 At A ek e i .

3 ZERF0e

3.1 pH{&#1 EDTA jnA B&)Em

RAAVEREH &R EEE, KEYY., REMIRERERXSE. M pH HH KD
MEDTA 5B ETFHWERILEEEEHINECRETFHRBRBETHES, I HATEK
B TR e . RI1E 5 Sr-EDTA #1 Ba-EDTA Bl & #1840 & {47 BE 3 Ko 181
%% 58 Sr-Ba-Nb RIE{R A B B4 pH {H.

tFERET M, @ Ba?t | Sr?t fI 2 N ZEAR B T (CHaN)2(CH,CO0) 4™
Y s REM T HERALRR

M* 4 Y4 o MY?- (1)

G R ETE BE B Ke=[MY2T) /(MY KIS, EDTA BRW B HY | HeY ™
HpY?~ . HY®- ® V4 BAFE, HHUAIBRTRE pHERXK/D. % pH EHEMR, HEHR
FWREREN, Y ®RERD )ABAZEBS. BHE, FE2 pHENEW, (1) XM
FEERE AT TARR

Kot = a4K; (2)
1 C H* H]2 HHB H+]4
EIC R e B e O o SR o
ag  [Y47] Kay  Ky3Kay KKKy KaKaaKa3Kag

A, Cuyy RAREMH LT EDTA B3R E, Bl Cp,y = [V [+HY 3 ]4[Ho Y27 |+ [HY 7]+
[HsY]; Kai(6=1,2,3,4) & EDTA RERFHIER HeY, HaY ~, HoY?~ fl HY3- BB EH, H
B4 5028 1.0x1072, 2.2x1073, 6.9x10°7 1 5.5x10~1119 M4k, Ba-EDTA # Sr-EDTA #JE
R BAr B A 5.75%107 . 4.26x108011). X ¥, A[F pH T Ba, S-EDTA B4 ¥ HI & 47 RL
W K ATRLEN (2) RiTHHE, HERFIFR1+.

MWRFTH, as 1 K (HYKE pH B KWK, HRHEREN o HEREGT, £
() EDTA BERRRBEFELRETERM. % pHE >80, K HRHE (> 105, BUE
RBEENER -EDTA L4 T Nb- iR EL 44, Y.Narendar #3824 pH {f <5 B R
feRaE e 2 Bk, % pH>8 B, A fE#HI4 HaE #Y Sr-Ba-Nb BT IR iR % -
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% 1 FFE pH T4 Ba, Sr-EDTA EE&%8Y oy F05%

T B B o

Table 1 o4 and conditional formation constants
K. of Ba, Sr-EDTA complexes at different

pH values
pH ay Ba-EDTA Sr-EDTA
2 4.1x10""  2.36x107'%  1.75%x107°
3 6.3x10°H 3.62x1073 2.68x1072
4 3.6x107? 2.07x107? 1.53
5 3.5x10°" 2.51x20 1.49x10?
6 2.2x1078 1.27x10° 037xi0®
7 4&x10~" 2.76x10% 2.04x10°
8 5.4x1073% 3.11x10° 2.30x10°
9 5.2x10~2 2.99x 108 2.22x107
10 3.5x107} 2.01x107 1.49x108
11 8.5x107? 4.89x107 3.62x108

12 9.8x1071 5.64x107 4.17x108

MA KA SHER T8 NOT BFER
NH4NO3, NH{NO; 7Efn#ht B, o7 DAY
KEHRBMSEY, 0588 &S
Iz, B, pHERKX, MAMEAKE
HBZ, BAlK NH,NOs BE, Mg @R
HMHRRASERE, IXQIBHEHH
BEHRLELBRGAR. I, RPN
R e mALZWEK. ZLIR, K
BT EH Sr-Ba-Nb ATIKKEW, HE%
i K B89 NH4NOs, B fE pH EHELEHEH
S EH.

LI L KB, 7 Sr-Ba-Nb RTEE R
BWTEEKERSD, SHAOAHIHEN

B2 N7EARFR pHETRBHH
 Sr-Ba-Nb #% B a7 3K {& A9 TG-DTA
k. Wl EWUEL, BROR
SBRIBEEZANER, 1R
B4 S E Xt R 7E 50~ 200°C Z [6]H — 8¢
Ty, X TR KB
ZFr5| A ;5 7E 280~ 400°C Z 8] @y 5%
By —iig, XBGTFERRR
T IMRAR KRR E TSR
¥, FletfEMEE NO,, CO, il HoO %
SEBH: FEEAMBRYEREREE
500~ 600°C 2 [6], X§ R — g, X
TRER B TRETHAANASHE
{LBF & L. ILJS, Dn#RE] 800°C, %
RAEHBAMBEREERE. WE
ORI, BRI A3 BT B JB B e B
VW pH HAYMAWHE, EEREA
bl pH ER KL IR & TE
LR EAEKETERY pH E,

T — 0
100 200 300 400 500 600 700 800
Temperature / 'C

2 X[ pH KB HERRTEGS TG-
DTA g4k
Fig. 2 TG/DTA curves of the Sr-Ba-Nb pre-

cursors obtained at different pH values

KEPULE, MMALEY EDTA, (£ EDTA 5&BE TH/RIL N 21, W AMH LB

.
3.2 SBNWHY4548 A FOEE f: B

B3RTEEESRBE FTAE 20 FHLIIREICHE. REHOEN T ERE 1418 /1
1589 cm™! 4 FF7E COO~ EH AR 3114 (A 3(a)). 500°C ML H S Ry Mk 577 COO~ &
s fRsE, EHBREMBENAR WM. Fet, ¥ 500 1 850cm™! 4T Sr-0, Ba-O
1 Nb-O i, PLEAMLEHEE SR LT SBN 4, 2T 2337 cm™! Ab &Y W Wie i 3t B F R B ZE ¥
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th E# CO, A F. 700°C REMHER T, COO~ EAWRUVANASERLSME T
Sr-O, Ba-O il Nb-O W87 B393R, R AIMAS O M B —8 SBN A5
& 4 9 7E 400~ 700°C 3& X 30min J5 Bt

Pt

410

aan

78 SBN50 WA XRD B3t W ol LLE ; 700C

HEBERLEIRPHERSHASSE i kﬁ g 8

MBI R 400°C TIRPLHTB MMM A pog®
) A.,J v L—_J .\_JL.J‘)\-,

a) Gel powder | \ A. \ ‘s
600°C

SEGLW TN

— T T T T L
20 30 40 50 60
28/(°)

M 4 AFELEABETFEE SBN50 # 6
XRD A%

Fig. 4 XRD patterns of the SBN50 films an-
nealed at different temperatures
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M\

200+ 306
u_150- T 0.4 ?P

100 -{////] 0.2

50 r . 00

10’ 10 10° 10°
500 1000 2000 3000 4000 Frequency / Hz
Wavenumber /cm”’ B 5 700°CBKAIBHEMNEREHRMNSE
RESBEN LR

A 3 TRREAFERELEEHRNLIGE

) ) Fig. 5 Dielectric constant and loss tangent
Fig. 3 Changes in FTIR spectra of gel powders

as a function of frequency for SBN50 thin film
annealed at 700°C

KRS, HEREFED 500°C, U874 SBN HiyfH e H R, BNHFEFAKEY
ERTYR. TiF HMEFH#H AR, SBN HITHFEZATHER, HP 700°C, SBN #E &
54, A[BEE—EFHIEN SBN. R LUE L, 7 Pt/Ti/Si0/Si i LFTHAY SBN
ERZSEEEER, BAERE cHRmAERRER. 15 700°C B kB8 SBN #HEH &
B XK a = b=12.4656nm, c=3.9527nm.

B 54 H T LA YLEEB & #9 SBN50 & MR AT B B B R A s i R R B A b

with heat treatment at various temperatures
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B5. NERTUEY, EERT, Y#KXMER 1kHz 1 10kHz B, 488 FOH A B R
43 %k 221 1 210, 0.02 71 0.06. FEEMBHF R, MEHEHERM TR, EHoBaEHENNE
R IMHz A FHREFL KM RE. B 6 HERT 1kHz BF 700°C 1B X fi 15 SBN £ f #
AW &, HBRBAARE (P) MBHG (E) 554 8.17uC/cm?® 1 16.9kV /cm. KA L
BE ¢ ¥ 1 4% 9 SBN50 £k e M IR AN sol-gel 7 #5489 SBN MR w ¥R BB AT X b, HEERR
F#2 TR, UAEYIERERSH SBN MEAERENTEEH. RAT T adkeE.

10-!7 : : ;a..‘.“... “‘ ..... :
| : l .53 ; ..
£ 5 ® : ¢
¢ . .
. e o
g- 0 . @ °
c i e ‘ °
2 @ .
(0] : ,
N L : °
_c_cu 5 el )
& o o*
O ‘ °
X PY ..
104 .,.‘.':::.“ ...Q.o,ﬂ..'f.,..
T ' 17 M I v T v Ll
-50 -25 0 25 50

Electric field / kV - cm™

Bl 6 SBNS5O RS i o i [ 4%
Fig. 6 P — E hysteresis loop of SBN50 thin film

% 2 BHERIER sol-gel kK& SBN WA MERRLL
Table 2 Comparison between the electrical properties of SBN thin films obtained by

organic gel and sol-gel methods

Reference Materials Synthesis methods Er P./uC-cm~?  E./kV-cm™!
This work Sro.5 Bag.sNb2Osg Organic gel 221 8.17 16.9
W. Sakamotol  Srg.sBag.sNbzOg Sol-gel 79 1.9 180
K .Nishiol®! Sro.3Bao.7Nbz2Os Sol-gel — 5.1 1.2
4 Er

RAAVERSE, UFERERM EDTA RALAN, NERRMEBR I HETEFR
#l Sro5Bag sNbyOe LKL M. HALRAMLBLERYRY, pH=8 1 EDTA 5&RE T
RE R 2:1 B, ATLAZE/EH4], Fa5E A Sr-Ba-Nb BTIEAB M. EZEHRT, WIRMME N 1kHz,
700°C 3Bk 30min Ffr78 SBNS50 HE i 4t #3 % %OHI 41 6 8UFE 40 5l R 221 A1 0.02, Fo) R AR Ak 58
(P) MBS (Ec) 4512 8.17 1 16.9kV /em, T FER ZL BT #Y s v 6E -
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Preparation of SBN Thin Films by the Organic Gel Method and
the Electrical Properties

ZHAOQ Jiu-Peng, QIANG Liang-Sheng, ZHANG Lei

(1. Department of Applied Chemistry, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Srg.5BagsNby0Og (SBN50) thin films were prepared by the organic gel method. The
microstructural variation of the gel powders and SBN thin films with annealing temperature was
studied by differential thermal analysis (DTA), thermogravimetry (TG), Fourier transform infrared
(FT-IR) and X-ray diffraction (XRD). The differences in the decomposition between Sr-Ba-Nb
nitrate precursor solutions with different pH values were investigated. By annealing at 700°C
for 2h, polycrystalline SBN thin films with smooth and crack-free surface were derived from the
precursor solution with pH=8. Electric properties measurement indicated that the SBN films
demonstrated a ferroelectric hysteresis loop. The remanent polarization(P,) and coercive field
(E.) were 8.17uC/cm? and 16.9kV/cm, respectively.

Key words SrgsBag sNbyOg thin films; organic gel method; electrical properties



