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Preparation and characterization of Ba(gSr,TiO;
thin film by sol-gel method

LI Yan-hong, ZHOU Ke-chao, ZHUANG Hou-rong, ZHANG Yan, ZHANG Dou

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: BaggSr(,TiO; (BST) ferroelectric thin films with perovskite structure were prepared on Si and Pt/Ti/SiO,/Si
substrates by sol-gel method. The heat-treatment technology (TG-DSC), X-ray diffraction (XRD), scanning electron
microscope (SEM), atomic force microscope (AFM) and B1500A semiconductor device analyzer were employed to
analyze the phase structure, microstructure and dielectric property of the BST thin films. The results show that BST thin
films with good crystallinity and high density are obtained after annealing at 800 “C for 15 min under oxygen atmosphere,
their average grain size and root mean square roughness (RMS) are 30~40 nm and 5.80 nm, respectively. The dielectric
constant and dielectric loss increase with the increase of the thickness of the BST thin films ranging from 160 nm to 378
nm. The dielectric constant of the BST thin film with the thickness of 300 nm decreases with the increase of temperature
because of size effect, the Curie temperature is below the room temperature.
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S0 K I et e il %% BST . BST HirdK
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REAR R SR A I N I L5 I T i, £ 5 KSR
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Fig. 1 TG-DSC curves of BST dry gels
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2 17 A AN IR KL R IR TR) R 7 Si L
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Fig. 2 XRD patterns of BST films on Si substrates: (a) 30
min; (b) 800 C

{HABZEIR T BST w5 i) it Ak, [H] S 46 HER(110) 75 1)
PIRTETIEE s 800 “C R IE AT, R ) AH A fift S AL TE
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B, JFHINR1D). (200) (TT1)ATHTIE, 1B, 5
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U5 i AR A, TSI R BRI i, RS SR
4 Scherrer 230(2), K (110)RTH I - 58 =kt
R ERLRGT, Wik 1 sl AR 1 ArAn, IR KIS
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11.36 nm £ K% 19.94 nm.
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1 2800 CIEKME 5. 15, 30, 45, 60 min 4 1) BST
FRHELAICLL0) B 1) ff ST

Tablel Grain size of (110) oriented BST thin films annealed at
800 C for 5, 15, 30, 45, 60 min

Peak Grain
Time/min 20/(°)
FWHM/(°) size/nm

5 31.833 0.712 11.36

15 31.819 0.682 13.56

30 31.800 0.591 15.65

45 31.799 0.493 18.76

60 31.781 0.462 19.94
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Kl 3 s Si i il e BST #ifidr 800 C R
IBKARR 54 150 304 45, 60 min [¥) SEM 5. WM& 3
PR, RIS TR A 5 min B, BST SR B &2,
PR SE A SE M. AR 5+ 154 304 45, 60 min [
BST A S) . B g, Rl 1B K E] 1)
FEK, BST Ak, FIE 2 1) XRD 455K 5.
B KIFR] 4 60 min B, HERR SR ORI, /N diok AR
KIEARL, LARRER T B tHBE, Aok (8] 25 B
Ko IR K AL 15 min B, A ECE R RF,
Tt B A T[] PR 2 882 S A AN - L T o )
far, I HBEAE R KIS T e, R T AR R Y,
K, DI RIMEE . 45 LFTiA, 800 C R X i
HEAT 15 min 18 K AR BE AT DUAS 21 3R 1 5T 45 = 19 BST

(b)

B3 SiFLE L% AE800 T MR KA
[l R3EL IN 1) BST J A iy SEM 1%
Fig. 3 High magnification SEM
images of BST thin films on Si
substrates annealed at 800 C for
different times: (a) 5 min; (b) 15 min; (c)

30 min; (d) 45 min; (e) 60 min
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Kl 4 Fizs AR PUTI/SIO,/ST FEEELE 400 °C F#
43 30 min J5HEE 3 T 800 ‘C Bk 15 min fifs
300 nm J5 BST ) SEM M AFM %, &l 4 w]
H1, Prfs BST wilR s 808, T2 TRY
57 Si B B4 BST #EEAHLE, 7E PUTI/SiO/Si
FEIR 45 1Y BST FIE R A Pk . &5 ik s ar,
Kl 3(a) 5 Bl 4R, XJEH T(IER Pt LT i
#, 5 BST fidgEaE, 5% S, HU S5 e
5% BST/Pt S [X 4, Pt £ BST 2 (R EE ARk, %
B Pt 7 BST Sl 4 1o A WA~ X Js: - BST/Pt 5t

(a)

B4 PUT/SiOy/Si HEJiE [l % BST #IEf) SEM Hl AFM 4
Fig. 4 High magnification SEM images of BST thin films on
Pt/Ti/SiOy/Si substrates annealed at 800 C for 15 min: (a)

Plan-view image; (b) Cross-sectional image; (c) AFM image
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%, JEEER 50 nm; SiO, JZ N R TR E, AERHEYZ,
JEFEh 500 nm. BST #ifi 5 Pt HUAR J2 5L i S5 14 e,
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il 2%t BLAT AP RO S5 R4 (1) BST IR, I ok ]
10 30~40 nm, F U HOHEERE R 5.80 nm, ¥R
LTSS Ao U, R FRDRELRES BB, B AT B
(A FLPEfE
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S WU AT S AR AN K, A TR RE R A T 5
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FEATI T FZEHAT, Sl B AR MRAL S S IR e 8]
P TEMIREROC . I S()rT A, AN 5 R
I LR B RN T 2%, R AR F et e e
T V1 R B SR A A M A v . B A TS R RE
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Fig. 5 Change of dielectric constant (a) and dielectric loss (b)
of BST thin films with different thickness with frequency at
300K

6 7~ 4 300 nm J5 BST #JIAE 10 kHz R4
MRS . I8 6 AT, JERECA 300 nm (1) BST #ifiEAE
300 K, #i# 4 10 kHz I, 4 HUH EOREFE S il 4 258
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seK 4 BST W HOWIE ST, Jf H BST #J5/Pt
IR S IR WU A2 BRI o A H o 5 b Sk
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CHEN %5256 T BST #5810 nm 24
AR RS S5 A PG AT 20 nm 2 R Hatk
M REAAERIG AT s 31 nm & R 22 W 15 P&
R 5T o BST ) dfoki ]S 24 30~40 nm I,
Wk Z2Ws 254, AR BT AR RS #E 31 nm, A
H B E I RBRIR % o (BN, SBETR P BT
MR NAER 2, BT DM R A i RO K. ()
it 6 mIg, HRE N 280~390 K i, BST #ifikff
S WL B R S R B, B I R R A
AT AR BST i fise i) J PRI FE B 2 S A I s Bl
BST 51 SR RO 8 158 — 2Rl S T, SR sA
BRHbE, FUm BUR R R AN
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<€ 260 S
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2 4
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A 220f A
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Temperature/K
6 300 nm J5 BST i JlAE 10 kHz A HUlih
Fig. 6 Temperature dependence of dielectric constant (&) and
dielectric loss (tand) at 10 kHz for BST thin films with
thickness of 300 nm

Kl 7 iz~ ok 300 nm J BST #EAE 300 K I
Hilgk. g 7 vEH, BST #i AT sl g, R
AR, J& T8k, nl%n BST i iy fm B i A
PEEE 0= N TR N IR 1 2 T ST
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LIS AN 2 ASCRFUN L s i) e, b T PR AL BE, BST
WL Bk FO Ik BRI, S A, o ERR R B
BST M5 (11 55 KRS E hy 7.05 pClem®, Tl A A fb i
JEh 1.01 pClem®, Hrmitds hy 41.13 kV/iem. Fl4ARAk
SREER/N, BRIz, 2 TR RSN, AHAR
W B FRHIE R T k) o P I 3 E ) o 5 ) 0 B B A1 o
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Fig. 7 Hysteresis loop for BST thin film with thickness of

300 nm at 300 K
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1) KA ek v] LA £ OR300 B 4 (1)
LS ERA A BST il . 72500 R4 800 “CiRk
AP, LRI 15 min W] LA tHATES ERA AH BST il
BST WBEE5 S RIHPRE, 308 Bk,

2) BST {815 (1) A L P BB JE P AT AR K A AR o
WA S 160 nm B8N E 378 nm I, LU Bk
VR S RESE TR G O, AR, TR SR P i, S 3
T REE K. WIBRE R g . SER 1~100 kHz
I, BST AR A HL o S BE A T =i | B

3) JUSFRAN &SN BST IS A 1 E 2 [
R dib RS 30~40 nm, JEE R 300 nm fY) BST
WA LT RO, e LR R PR B SR LR .
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