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(1. `Y\eUn�_qWjelgpkmWelif�X[sVaob�`Y
200030; 2. dtUnh^℄npZnr�dt 215006)M J .�� - `��B
1�UulNRl~~is-5bdÆKgs;wr�V�B{��xb� 580◦C U^�qn:X(s-7sNR PLT �V��VO�\ 580∼1830nm. =g�VO�sFv� PLT �Vs�3&��~E/F���YBy�
A1�gsN�F�B 70% $Æ�nan 90% p3
i�VO�FvQ�N�F�x�+v
V0G�G0����
B 633nm T� 1830nm Os PLT(�w 8%) �VsJ�F n J�=o/�)^ 2.39J 0.009.� � � PLT OV��~�[�=��[��� - `��S;�'� 0484 =?�5)A

1 KH�_0	J��W05nCkN�jm>�p|�Pt+/�)o�Nt�|	ro;?�t��	C�E>f`Sp (DRAM) ��&�F<p��>�ZpK\1p|w�Pro;?�t+/ [1∼4]. DC�#t 80 _f	�Qv;OTJ��WC>1m�Pt���p [5,6], h$	05�WZ�m*�1&t9(	mY1m(Pt^;	d	1mtV/�HZ%�yo�/tO� 2000 _	 G. H. Jin[7] w�9/*� ITO t��
Nkn	1m	dd�y;1mV/�H� 2004 _	 P. S. Tang[8] w�9/I�1mt���rOTJ��W>1mV/�H�yo; 1.1dB/cm, �NA�[$oOTJ��W>1mt�/VN_(\�t<xs (PLT) �W$�?���K+/tJ��WS� [9∼11], C"2t�p℄	�N:d4MA?9%m4MtZ�1&��W\t-~	,w�WtP��	C 1µm%s���	C>�+/B8	�/tJ��WtP��C 1µm %� [7,12]. Xt	:5
PLT J�PW (1µm %�) t���p,4�{�CX	_;(NJ��Wt���J�%m�&�\	�?��/tde$ Pt/Ti/SiO2/Si, �C>�+/B8	05�,�jtk*�Hd	[[C�,�j7�WSxw��=DÆ=		C�2/ PLT �WtO�\	05�,�jt4OT�4�9/	(Z	OT�j$"�t��Vvm (ITO) 05n�p��%Z���?�9/���	�.4\[$tfH$	C 600◦C -s ITO �7�32Æ 2005–03–22, 7�E��32Æ2005–06–14�%A0Æ Auk�'�� (ID:90204006,60377013,10204016); Au 863 qT (ID:2002AA122022)TO�#Æ Q , (1974– ), Y�2"������� Email: zh200100@sohu.com
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460 h e 5 < � � 21 !W�'�jW�C d℄	gND)2/�� - a���Cy5 600◦C tV_sZ�
PLT J��W	dz$�2 ITO �Wt.6de	,w��;�WP� PLT �Wt��m>�\t-~�
2 4I
2.1 PLT|/	P}+t~t<�y��Ci4#<℄,�� 5min, �R	_<sK_<x (Ax 8mol%)���tr9!℄L��	�o$#<	~℄L��w�o 110◦C, }�_<sK_<xBetÆ�4�j℄L��t�yo 90◦C �	ZIw
t<�y��	,�� 60min, 
NxJOTt���_;%52�	Y"Æw
%9#<�o	����tbX 0.4mL−1.�2 ITO �Wt.6e�I�xnRr_dz	 PLT ��">{SC.6dz�	>�:_ 4000r/min, �x_ 20s. L[>�R	.6de+tC 120◦C tsN& 5min, �R�C 400◦C s� 30min, %}��W℄t2f�o	
N PLT ���W�	Z_& 5[	�R~ PLT ���W�CdqX�℄ 580◦C <!D℄V_ 60min, ��:G	,ZC
3∼ 4◦C/min q4�/L�t��	ro;7.�h��h 1 ��h 2 ��h 3 K�h 4. 057.�ht2�[0	$ 5 [	B% 4 .�htP$|Mt�_;�!4MPt PLT�Wt\	/�-M�t2���C�h 2 ��h 3 K�h 4 �A[2� 5 [	�R 4.�hM�C 580◦C s� 60min, L�	�h 2 ��h 3 K�h 4 tPd;$�h 1 t8��/|Mt��Gw�h 3(62� 15 =) K�h 4(62� 20 =) tP�oR	�h
1(580nm) ��h 2(1012nm) ��h 3(1395nm) ��h 4(1830nm) L 4 .�hV_[0	$ 4[	ltV_�x_ 240min.

2.2 PLT|/	D1�6/ XRD !j�WtÆ8	Hitachi S-5750�Q�ju\�;>�Wt(P
J	JASCO

V-570 UV/VIS/NIR >l!j!sE�WtO�l	V-VASE W:M! (with AutoRetarder,

P 1 3LO� PLT �Vs XRD Pk
Fig. 1 XRD patterns of PLT films with dif-

ferent thicknesses

(a) 580nm; (b) 1012nm; (c) 1395nm; (d) 1830nm

MB J.A.Woollam 46) <9�WtK�GK�>p0	 ET350 (P
J!<9�WtP�_;<9�Wt��\	9/Y,}�t��C�Wt�(PLh�, Pt,r_��j	T� 0.4mm. HP4294 m%!j!<9�Wt��F07���H�
3 4I���9(
3.1 PLT|/	 ���+B*Q 1 $% ITO _z�jt4MPt
PLT(Ax9_ 8mol%) �Wt XRD Ql�℄Q℄(%$Q	C 580◦Ct|�ys	B2�h"Æ�7F	
Ng�t)t.Æ8� (200)/(002) K (201)/(210) 3"5T PLT �WC(sU57�|�>h�WP
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2 m P�+�u�VO��NR PLT OVs�~l=��[s,} 461tGw	�ht (110) � (111) "t|�uGd	5T�WPtGw225'�WtÆ��Q 2 $4MP PLT �Wt SEM Ie�B2�h	$YO�>St	K2�eK+��j�WtP℄ 580nm(�h 1) Gwo 1830nm(�h 4) �	�4ti"T�℄ 50nm Gwo 150nm q4�`BaR	C�WtLhDO℄�i��=t`C	225�WtÆ��CgNt1r℄	>h PLT �WPtGw	�Wt�4T�Gd	gN�_	L�$05+tLht�W=oo�i��=tr/�B2�htV_[0	$ 4 [	lV_�x	$ 240min. j}�[C 580◦C tsV_�	B2�h	\
N���t�4�}�[V_�	05V_�xt�H	�h 1 t�4~IIHd	��h 2, R;V_�xt�HX	}�[V_�Nt�4~oo�i��=tr/	L225�h 2 tÆ���h 3 K�h 4 �Z1T���ÆC(T	9{�HV_�xKG3�i��=t��(%C 580◦C t	ys`r PLT ���W�

P 2 3LO� PLT �Vs SEM Hd
Fig. 2 SEM micrographs of PLT films with different thicknesses

(a) 580nm; (b) 1012nm; (c) 1395nm; (d) 1830nm

3.2 PLT|/	$�DRC(s	gN<9; PLT �Wt��F0m���H>fGt:p	fG�℄$
100Hz o 1MHz, Q 3 /Q;��ÆC�>hfGtGd	B2�ht��F0	H2s�	�$05fGGdR	�P%mP#04�Xw�Ct'V	�P���F0t5w'� [13]. ℄Q 3 Y(%$Q	>h�WPtGw	��F0�Gd�L.ÆC7 K. R.

Udayakumar[14] K B. Chen[15] t�p$18t	CN�L.v��Æ_�W7deSxt�=M�ty��F0=tr/�05L�=tPM�	>h�WPtGw	D���
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462 h e 5 < � � 21 !F0t-~<0<��CgNt1r℄	j�WPGw�	�WtÆ�Oro'	�4T�'d	��\roG-�B2�ht���H	C 0.05(1kHz) q4	L.ÆC��-5LhC Pt/Ti/SiO2/Si det PLT �W [16].

P 3 3LO� PLT �Vs�~E/6�~?G
Fig. 3 Frequency dependence of dielectric constant

and loss of the PLT films with different thicknesses

(a) 580nm; (b) 1012nm; (c) 1395nm; (d) 1830nm

Q 4 /Q; PLT�Wt��F0>Xw�Ct'V�jXw�C℄A# GdR	�Wt��F0Gw�jXw�Cbo�ZC�	��F0boodU�℄Q℄(%$Q	j�WP℄ 580nm Gwo
1830nmR	PLT�Wt�ZC℄ 70kV/cmz�o 45kV/cm. C K. R. Udayakumar[14]:5 PZT �Wt��℄��p;18tÆC����_	�W7dzSxty��F0�=℄	[[\`C��+x�I	05L�+x�It`C	Xw�C+t�)%L�+x�It-~R	8\��P�e�j�WtPGwR	L�y��F0=t-~\'r<0<�	B%	 PLT �Wt�ZC>h�WPtGw�z��B2�ht��:0?5( 1 ℄�

P 4 'br3LO� PLT �Vs C-V yy
Fig. 4 Dielectric constant as a function of dc bias for the PLT films with different thicknesses

(a) 580nm; (b) 1012nm; (c) 1395nm; (d) 1830nm
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2 m P�+�u�VO��NR PLT OVs�~l=��[s,} 463� 1 PLTz-�!
�8
Table 1 Detail parameters of the samples with different thicknesses

Sample name Thickness/nm Dielectric constant(1kHz) Dielectric loss(1kHz) Coercive field/kV·cm−1

1 580 218 0.058 70

2 1012 370 0.053 58

3 1395 498 0.049 55

4 1830 650 0.045 45

3.3 PLT|/	�GDRQ 5 /Q;�h 1 o�h 4 tO�l�1H�℄_ 200∼2500nm. j1Hbo
320nm�	B2�htO�GddGd�CK�1�	B2�htO�G	C 70% %�	odbo; 90%. O�Gto$$05>1C�Wt8.�P*�tÆC�j�WtPGwR	O�Gs�	��W1H�H1Ht�� �	L(T�WP-~;7>\eeq� Zhou[17] C��%��*_dzt PLT �Wteq7�4d�t:p�	�p;18tÆC� Gu[18] C�� Bi4Ti3O12 �W℄�;>o18tv��CN�_�Wt�4'd\�eq'��L�(%/0�&gNtÆC	CgNt�h℄	℄Q 2 (%Tu{$o	>h�WPtGw	�4Tu'd�

P 5 3LO� PLT �VsN�k
Fig. 5 Transmittance spectra of the PLT films

with different thicknesses

(a) 580nm; (b) 1012nm; (c) 1395nm; (d) 1830nm

P 6 (a) 580nm J (b) 1830nm Os PLT �VsJ�F n J�=o/ k 60Gs9o
Fig. 6 Dependence of refractive index n and extinction coefficient k on the wavelength for the PLT films

with (a) 580nm and (b) 1830nm thicknessj�.zMaW:Mt�O
�>	�0�W(P��R	n��9M#KMfE (|`) 	\''�W:M>l<9rot8.:0 Ψ K ∆ $>1HK
��tE0	
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464 h e 5 < � � 21 !
tanΨ /Q;i�5
�Pt�9��17WT5
�Pt�9��1t|�M#1z	
∆ /Q;��)ot8.��9xt|` S?�/ V-VASE W:M!sE4M1Hst Ψ K ∆, �(%ro|+1��<�ht>�F0l	9/�|Æ8U	 (+q /PLT/ Mz) ���0 ��℄L	�(%ro PLT �WtK�G n K�>p0 k. Q 6 /Q;�h
1 K�h 4 tK�G n K�>p0 k >1H'Vt:pzz�!	Q 6(a) K (b), j�htP℄ 580nm Gwo 1830nm�	C 633nm U	 PLT �WtK�G n E℄ 2.28 Gwo 2.39.

PLT g�K�G_ 2.44(633nm)[19]. -~K�G n d�t(9M�	�/7>tÆ�O�YOO��jÆ8K~xw [17]. ℄Q 2 K 3 (%$Q	j PLT �WtPGw	�WtÆ�OroTu'	L"�\-~ PLT �WtK�G n. C 633nm U	 1830nm Pt
PLT �WtK�G n K�>p0 k !*_ 2.39 K 0.009. L�ÆC7 S. Chopra[20] w�tÆC$18t�
4 �(2/�� -a��	%�2 ITO�Wt.6de_dz	C|�	ytV_ (580◦C)s	Z�;OTt PLT �W���;4MPt PLT �Wt\;Æ8���\7>�\�j�WP℄ 580nm Gwo 1830nm, �4'd	�Wt��F0℄ 218 Gwo 650, �ZCE℄ 70kV/cm z�_ 45kV/cm. >h�WPtGw	 PLT �WtO�G2B�y	�W1H�H1H�� �	�WtodO�Gbo; 90% q4�C 633nmU	 1830nm Pt PLT �WtK�G n K�>p0 k !*_ 2.39 K 0.009. L5TC>�B8 PLT �W$M2tRt�^7>��&<>

[1] Scott J F Ferroelectrics Reviews, 1998, 1: 1–5.

[2] Polla D L, Frances L F. Annu. Rev. Mater. Sci., 1998, 28: 563–568.

[3] Ding A L, Luo W G, Qiu P S, et al. J. Mater. Res., 1998, 13: 1266–1270.

[4] Katsuhiko H, Chikara A. IEEE Photonics Tech. Lett., 2002, 14: 956–958.

[5] Kawaguchi T, Adachi H, Setsune K, et al. Appl. Opt., 1984, 23: 2187–2191.

[6] Higasgino H, Kawaguchi T, Adachi H, et al. J. Appl. Phys., 1985, 24: 284–286.

[7] Jin G H, Zou Y K, Fuflyigin V. J. Lightwave Technol., 2000, 18: 807–812.

[8] Tang P S, Towner D J, Meier A L, et al. IEEE Photonics Tech. Lett., 2004, 16: 1837–1839.

[9] Roshan T, Yasunori O, Shigetoshi N. J. Lightwave Technol., 2003, 21: 1820–1826.

[10] Kim Y, Erbil A, Boatner L A. Appl. Phys. Lett., 1996, 69: 2187–2189.

[11] Q ,�ba���S��v�2[6=� 2001, 32: 124–126.

[12] Bhaskar S, Majumder S B, Jain M, et al. Mater. Sci. and Engineering B, 2001 87: 178–190.

[13] Song Z T, Chan H L W, Choy C L, et al. Microelectronic Engineering, 2003, 66: 887–890.

[14] Udayakumar K R, Schuele P J, Chen J, et al. J. Appl. Phys., 1995, 77: 3981–3986.

[15] Chen B, Yang H, Zhao L, et al. Appl. Phys Lett., 2004, 84: 583–585.

[16] Bhaskar S, Majumder S B, Dobal P S, et al. J. Appl. Phys., 2001, 89: 5637–5643.

[17] Zhou Q F, Chan H L W, Choy C L. Appl. Phys. A, 2000, 70: 293–297.

[18] Gu H, Bao D, Wang S, et al. Thin Solid Films, 1996, 283: 81–83.

[19] Thacher P D. Applied Optics, 1977, 16: 3210–3214.



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

2 m P�+�u�VO��NR PLT OVs�~l=��[s,} 465

[20] Chopra S, Sharma S, Goel T C, et al. Appl. Surface Sci., 2004, 236: 321–325.

Preparation of Transparent Ferroelectric Pb0.92La0.08TiO3 Thick Films

on ITO-coated Glass Substrates by Sol-Gel Route

ZHENG Fen-Gang1,2, CHEN Jian-Ping1, LI Xin-Wan1

(1. The State Key Laboratory on Fiber-Optic Local Area Network and Advanced Optical Communica-

tion Systems, Shanghai Jiaotong University, Shanghai 200030, China; 2. Department of Physics, Suzhou

University, Suzhou 215006, China)

Abstract: Pb0.92La0.08TiO3 films with thicknesses between 580 and 1830nm were deposited on

ITO-coated glass substrates by using a sol-gel process under a relative low temperature of 580◦C.

The results obtained show that the films are crystallized well with pure perovskite polycrystalline

structure. The surfaces of the films are smooth and condense. With the increase of the film

thicknesses, the grain sizes and dielectric constants of the films increase. The dielectric constant-

electric field curves are symmetric about zero bias axis, and show the hysteresis for all the films.

In addition the coercive fields Ec decreases with the film thicknesses increasing. All the films are

transparent and the absorption edges shift to longer wavelength with increasing thicknesses of the

films. The refractive index (n) and extinction coefficient (k) of 1830nm thick film are 2.39 and

0.009, respectively, at 633nm wavelength.

Key words ferroelectric thick films; dielectric properties; optical properties; sol-gel


