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Abstract: Theoretical approaches (such as macroscopic thermodynamics phenomenological approach,

microscopic transverse field Ising model and first-principles calculation) in dealing with size effect and

predicts on critical size of ferroelectric phase transition are reviewed from two aspects, ferroelectric film

and ferroelectric grain, respectively. Critical sizes of some ferroelectrics observed in experiments are

summarized from 1950s. Some size effects of ferroelectric ceramics are introduced simply. Ferroelectric

phase transitions of ferroelectric nanowires reported recently are narrated too. Finally, some problems

in researching progress are pointed out.
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PbTiO3 9 BaTiO3 U~;Yu℄ u%82�&s�q�! 25 � 100nm[3]; F7��2 Ren b',

PbTiO3 "=�2>�l�&5~s�! 150nm[4].>_l��E�2s�
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Fig. 1 Curie temperature Tc vs L/ξ(0)
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Fig. 2 Curie temperature vs Js/J for one-surface-

layer films

n = 1 − 10; (a) Ω=0; (b) Ω/J=1
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Table 1 Critical thicknesses of several ferroelectric films

Materials BaTiO3 Pb(Zr0.2Ti0.8)O3 Pb(Zr0.25Ti0.75)O3 Pb(Zr0.53Ti0.47)O3 PbTiO3 BaTiO3

Lc/nm 12 4 <10 16 0.8 2–10

Ref. [13] [14] [15] [16] [17] [18]
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� 3 ^uQ7�C�.alRAr�1�:
Fig. 3 Size dependence of the polarization of a ferro-

electric particle with a second-order phase transition

α0=1; β=1; K=100; δ∞=10

� 4 ^uQ7�C�.alRAr�1�:
Fig. 4 Size dependence of the polarization of a ferro-

electric particle with a second-order phase transition

α0=1; β=1; K=100; δ∞=–100q`���d
�gq�BF?�$q��Z?4�
\q�q��W'�Bvv�i#�$q�
dc /|\q�P~z>�7b> (<) <<�
�<
0�gPFF?�4�
|��℄'0�Z?��W0PFM70yMÆeI�=:�P�.'0����+I [39]
yv���:��:�bq�q`>�PbTiO3 S|0Cs(N Tc=500–588.5/(d–

12.6),d
 d |;�+I [25]a�v� BaTiO3 S|Cs(N0:��:� Tc=128–700/(d–110).

4 �\�P=Y4*OU)6r�0D�S|q� <10µm 2�RX#6D:�℄'q�d/�d

=�X0?3|�bUr�B�!7P6(N02U�Æ 5[43,44] <v� 25 7 70◦C > BaTiO3 PUB�!�3|q�0�9yM�\^M3|q�S 800nm 2B�!<��6D09�~� Shaikh 3 [45] \1:/�8p7t38p0b{��.��3:~n�q
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Table 2 Critical sizes of BaTiO3 grains

Materials BaTiO3 BaTiO3 BaTiO3 BaTiO3 BaTiO3 BaTiO3 BaTiO3 BaTiO3 BaTiO3 BaTiO3

dc/nm <20 5 120 100–200 < 25 90 49 30 54 10

Ref. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32]I 3 BaTiO3 � SrBi2Ta2O9 � Bi4Ti3O12 � KH2PO4 j PbTiO3 W�rMS
Table 3 Critical sizes of BaTiO3, SrBi2Ta2O9, Bi4Ti3O12, KH2PO4 and PbTiO3

Materials BaTiO3 BaTiO3 BaTiO3 SrBi2Ta2O9 Bi4Ti3O12 KH2PO4 PbTiO3 PbTiO3 PbTiO3 PbTiO3

dc/nm 70 67 40 2.6 44 150 13.8 9.1 7 8.2

Ref. [33] [34] [35] [36] [37] [38] [39] [40] [41] [42]�/{�k,�r�p 3|73$�Lp�3$B�!�7�b)3|0	!��i3�3$ig~i�pP
��B�!>����i3�I/�7t3a7B�!.��k,{^0�0�4�v:0�5�+I [44] v73$~0(�"m8p0�,vVZd/� (intrinsic dead layer effect)"B� 800nm #> εr 0>��k,~3|4$0℄N 8Å, o~dB�!~ 130Fb(N6Q�{^0�0��4�v:0�5���� �b)3|.�J0	!��BP0��h6 (c/a− 1) ���7�\S|N <100nmzI2��BtH#\3|0�3o�k�
`e`H#�\�7A℄)r�\C(><Lp�|�J��B~2Q SB~ [16,45]. +I [46] 
U7(BW��G�B�$q�0id$*�
�3|�bF
0 BaTiO3 �\B�!b(N06Q�9I.v�B�$q�XK\ 105nm z00�%�

� 5 25 8 70◦C ? BaTiO3 s�1C�"A4}r�1�:
Fig. 5 Grain size dependence of the permittivity of

BaTiO3 ceramics at 25 ◦C and 70◦C
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70nm )� 40nm 2 BaTiO3 r�
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74y℄R�d
*� BaTiO3 �r7r��XRD W.i
=�\03|q�L\
' BaTiO3 0�B�$q� (120nm, +I [25])#>�
=�0<6i<�\\C(>Lnzi�A_���*<�Bv�!r�<7(�Bv�+
*<t%N+�0o� qXK?+ r�
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>r�
03|q�d/�r�
�3|�<w[0PN;7��<-:&o0�B�3
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*0 ;
0�$q�L?m,v�$q��
5 �\��% (B�!�lh) =Y�\'G 2�U�BC.N�0
=Xn
\�B ;7�BS|0<Kq�d/U�BvK02U�U�"C.M (��C"`") 0
=k!��?\90xOIR<!�l

*�BC."M0
=$* [48−51]. �"0�BC.M
�"0�BS|7℄"0�B ;����\)q�|J0�B -SBP6�+	2,U7�%0 Landau-Devonshiren%
=�C.M
q�|J0�BP6�.v
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Naumov 3 [52] b><�vNn{^G�
Pb(Zr,Ti)O3 C.�0|;\ 3.2nm #�AK�\-G07(�BP�B�{d; mY`v�Bbe�~�}h (NFERAM) 01N�' 60×1012

bit/inch2, .�jX70�}1Ny�� 5 �P�t�90�Geneste7 Bousquet[53] v7<�vNn
=� BaTiO3 C.M|;�bU�Mi\�Bh602U�`F#|;7� 1.2nm 2�Bh6`0�k,�q��Bv`0F^*+>C.M<3~N+PN;7��Z%�3��L0usDh�!?�0�\A#0j/��C.M\�$|;#>�K�F�B��h6��j<��BC.M (��C"`") 0P6�$q�04�$*U*�'�F2 BaTiO3 C.M0�$|;�!\ 10nm #> [50]; Z PbTiO3 C.C"0�$|;a <29nm[51]. <��BC.M
(��C"`") 04��;on%
=U<�>.�J0Oe�
6 R7Y4*���gb><�vNn08M{^<6r7\g 0GN��\�Bo [10,54], qXL'%)BF�\�$q��Z4��W
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