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Preparation of b-axis Oriented BaTi2O5 Thin Films by Pulsed Laser Deposition
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Abstract: A new kind of b-axis oriented BaTi2O5 thin film was prepared on MgO (100) substrates by

pulsed laser deposition. The effects of substrate temperature (Tsub) and oxygen partial pressure (PO2
)

on the crystal phase and preferred orientation were investigated. The BaTi2O5 thin films exhibits (710)

or (020) orientation, which depends on the substrate temperature and oxygen partial pressure. On the

deposition condition of Tsub=700◦C and PO2
=12.5Pa, the b-axis oriented BaTi2O5 film is successfully

obtained. The film has a dense and smooth surface, showing an elongated granular texture.
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1 ws�j�/xu�)
hj�Vj��j�Zyj��jJ~=O�Te�O��%j+��j+�HC�T+%j+BH4�e�|u*�|
mr [1,2]. m9���*�/��N�
y
����4+�6r�
�j�/-qp;�G���f��O6zmrgC'I2�Ys
Zi�d�G��21	J [Pb(ZrxTi1−x)O3, PZT]	�j�/�xu?tb�
hj=�+bY
lyG6��-k�h�YHY�j^
j^��� b
wq;�WNH
~kmO�lwu$0'�j�BWNH (FRAM) 
~9yOWNh�2� [3,4]. \w�

tx&J� PZT ���+rr$F��n;�7p+[	Z~Z�.Y
�%��*7p�1+h;�GRy

PR�CNPbYy-&J
�z7pv)
�j�/I2��x1	� (BaTi2O5)wd�IJ
/J�j2��w BaO-TiO2 x}�4�
�+h-? [5−7](�gjC BaTiO3 + Ba6Ti17O40), 
h4r= }z.4�aR? BaTi2O5. m9��[%704r℄℄ - :℄��Z{me}z-C� BaTi2O5 �0�2&Z2+%Q [8−10], 8�$�\ (Floating

Zone, FZ) }z���[o���*t BaTi2O5 [o
hj+�jO6lM�Ys [11−13]. Ys&-� BaTi2O5 [o� b "}Cf
hj=��XgE
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20,500(1 MHz), 523 K o
lyG6Mp+`!j<�'' 10.4µC/cm2 + 2.69kV/cm,u�+p (TC)' 748K,&;L�)
hj+�jO6 [12]. \w�1L�x BaTi2O5 
�`��H������'w[o2�
���f�zO6f�tx BaTi2O5 �/2��!5 8(V?�Ys�`�lT�'�,�jHYDJ6�HC6y

Pb�|
IJ/J BaTi2O5 �/
��n� b���04r�IF�BD (Pulsed Laser Depo-

sition, PLD) N���$�� PLD �j5��� b"VC
 BaTi2O5 �/2�� iYs��+p�_�VeBD�Yt�/f�
oA�
2 dtx:f4r�IF�BD (PLD) N��� BaTi2O5�/�	N����C���
u}6-2�'w_62�/}*xu9$
sv�Æ�rF�H;j
����IF��wH0rxÆ2&*�rÆ2&*;j�+J\p�*ld0;j�+�Ve
+��e
+�lCv|<�yg*���fBDwLC�/ [14].

PLD q℄�
Æ2w4r\�}za_

BaTi2O5 �S�� [15], ��' MgO(100) [o�Æ2z���U
y
' 50 mm. q℄�7[BD{J���� (1×10−6Pa), Y0�`dlV�
_I��[��SZ_ 500∼ 700◦C 0|sBD�BDoU' 2h, BD�/
/p�' 200∼300nm. 4r Xg=\g (Rigaku, RAD-2C)+�!�E (Invia

Raman Microscope) �3�/
?-C��r
+jq (JEOL SM-71010)�:�/
&*L#��IF�
5�+ PLD BD�j�x& 1.

3 TJLiZ'a_xuhj+�jO
 BaTi2O5 �/�
BaTi2O5 �/ Q[ b "}C�sj? [12,13], 'TPbW
��BD�j���IF�BD$F����+p (Tsub) +_�V (PO2

) w�Æ#b
�j5��tBD�/
2?�&*L#�BD��+VCOenubYoA�[%�$k���+p+_�V�gq;� BaTi2O5 � PZT e�j�/�-�}C
�sj? [16,17]. 'T���0}7Ys�-���+p+_�Vt BaTi2O5 �/
2?+VCO
oA�� 1 w� 10Pa _�V �- �� �+p
(Tsub=600 � 650 � 700◦C) 6BD�/
 XRD �E��h}L��bf
BD+p (Tsub ≤(600◦C)

7 1 \=PH;N BaTi2O5 3^AFv9h
Table 1 Deposition parameters for BaTi2O5 film

prepared by pulsed laser deposition

Deposition conditions Parameters

Laser Wave length:355nm

Repetition rate:10Hz

Pulse duration:15ns

Energy density:2×104J/m2

BaTi2O5 pellet
Target

(φ20mm×3mm)

MgO(100) wafer
Substrate

(10mm×10mm×0.5mm)

Substrate
500–700◦C

temperature (Tsub)

Oxygen partial
Vacuum–20Pa

pressure (PO2
)

Distance between
50mm

target and substrate6�M MgO ��
 (200) \g� �$uL;
BaTi2O5 
��\g���-�℄BD+p$fo�4ha_ BaTi2O5 �/>a_
�/w~o�
��*��+p
k��|sL; BaTi2O5 
\g��wOM BaTi2O5 �/+ MgO ��
��� �$u�:_GÆ2?
\g��
ha_
�/nwR?
 BaTi2O5. ℄ Tsub=650◦C o (�
1(b)), � XRD �E��L;� BaTi2O5 
 (710)\g���/&;L (710) �sVC�\G���bY (FWHM=0.95◦), �- BaTi2O5 �/
foO-�)�PR����+p_ 700◦C(� 1(c)), M (710)� �8L;� BaTi2O5(020)
\g��wO	\g�
Mpb�����b	 (FWHM=0.85◦), &;L-9
 (020) K b "�sVC�tT�V��$����+p�-k��d BaTi2O5 �/
foO�wO86uEg��GVCO�� 2 w���+p�l (Tsub=700◦C) �-�_�V6BDa_
 BaTi2O5 �/
 XRD�E��h}L�z��+p
0r?��_�Vt BaTi2O5�/
2?+VCO
oA
.Y����7p>bf
_�V (PO2

≤5Pa) 6BD�/��L;� BaTi2O5 
 (710) \g��℄_�V�Y_ 10Pao�BaTi2O5(020)\g�|sL;��/
�sVC
t (710) %#' (020). tT�V�,�
_Iwq; BaTi2O5 �/ b "VC
 bL��\w�PR�S_�V (PO2
=15Pa) 0� BaTi2O5 �/


(710)VCw|s�#^g)��o���_�VI���tx$u_�+t BaTi2O5 {:Æ+
=
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� 1 ,�??*o5ACb BaTi2O5 �.b XRD �D
Fig. 1 XRD patterns of BaTi2O5 thin films prepared

at different substrate temperatures, PO2
=10Pa

(a) 600◦C; (b) 650◦C; (c) 700◦C

� 2 ,�^�U5ACb BaTi2O5 �.b XRD �D
Fig. 2 XRD patterns of BaTi2O5 thin films prepared

at different oxygen partial pressares, Tsub = 700◦C

(a) 5Pa; (b) 10Pa; (c) 15Pa&0r��/
BD��#D�
BaTi2O5'[G?f��G�UX' C2, o
=��''� a=1.6908nm, b=0.3937nm, c=0.9418nm,

β = 103.12◦[18]. Uo�f��}� BaTi2O5 

(020) � (710) o*z MgO(200) o*�*5
>;Ob) (o
->;��u 0.39% + 1%), wOb

*Uy
.
m�lT�� MgO(100) ��fBD
 BaTi2O5 �/�� (020) + (710) o*{

bkLC�&;� XRD �ft�L;� (020) +
(710)
\g���d}*�� BaTi2O5 o�
�o*�� (020) w/(~+rD
o*�d�w (710)o*
~+rD(pbD�d��\���/��$F��℄BDÆ+
6�bYo�xubY
Ke��lwkLC~+(rD
o*
{���;s7jC~+rD��
o* [19,20]. t PLD N�wZ�����+p>f_�V (_ Tsub=700◦C,

PO2
=10Pa) 7p��F�\p
 BaTi2O5 Æ+nxub�
6��lTbkLCxub(~+rD
 (020) o*
w�f��+p>�_�V (_

Tsub=650◦C, PO2
=15Pa) �Y6��;a_b��~+rD
 (710) o*�tT�V��$kd��+p+_�V�6�uE�� BaTi2O5 �/
�sVC�wb<a

BaTi2O5 �j�/� Qbq;�/� b "}CK
(020)o*
VCj?��Ys�$4�|℄�/�Wl BaTi2O5�/
xfBD�Y'�Tsub=700◦C,

PO2
=12.5Pa. � 3 w�	�Y6BD
 BaTi2O5 �/
 XRD �E+ (020) \g�
a�T=��h}L� BaTi2O5 �/' b "VC�wO (020) VC�
�JTa (��� FWHM=0.79◦), fo�)�� 4(a) w�r PLD N���
 b "VC

BaTi2O5 �/
�!�E�'!x�b�BaTi2O5�
BaTiO3 + Ba6Ti17O40 �S
?mE=�'$x�
4(b)∼(d) �����W�O�t
wÆF2�
�

� 3 b !UB BaTi2O5 �.b XRD �D* (020) UB�b`�S<
Fig. 3 XRD pattern of the b-axis oriented BaTi2O5

thin film prepared at Tsub = 700◦C and PO2
=12.5Pa

(The insert shows the rocking curve of the BaTi2O5

(020) peak)



556 . A 1 � S � 23 z��!� [21,22]. U���h}L�BD
�/L;� BaTi2O5 
�Æ$)�!� (344 + 589cm−1),wOGÆ�!�
)�+?tMpz BaTi2O5 ��
b,-�T � BaTi2O5 �/�
$u�:_ BaTiO3(515cm−1) + Ba6Ti17O40(630cm−1) 
���!E�Æld0�-��r PLD ��
�/wR?
 BaTi2O5, wO�/$uyj�g�Æz
XRD 
7|f#?d��� 5 9t� b "VC BaTi2O5 �/
&*L#��h}L��/&*B��3 (B}�V6p' 5.3nm), ���(� BaTi2O5 oÆYD{��?p� 100nm, �p� 50nm, E�(_9�/�f-

� 4 b !UB BaTi2O5 �.* BaTi2O5 � BaTiO3* Ba6Ti17O40 ��b� �D
Fig. 4 Raman spectra of (a) the b-axis ori-

ented BaTi2O5 thin film prepared at Tsub = 700◦C,

PO2
=12.5Pa and (b) BaTi2O5, (c) Ba6Ti17O40, (d)

BaTiO3 bulks

� 5 b !UB BaTi2O5 �.b%)K"
Fig. 5 SEM image of surface morphology of the b-axis

oriented BaTi2O5 thin film prepared at Tsub = 700◦C

and PO2
=12.5Pa

j(�
4 TZ

1. �r�IF�BDN��� MgO(100) ��f��� BaTi2O5 �/����+p+_�V
#6��/&;L (710) > (020) �sVC�
2. �� BaTi2O5 �/
/R�Y'��+p

700◦C �_�V 12.5Pa. �	�Y6� BaTi2O5 �/&;L-9
 b "VC��/&*B��3�fo�)�oÆE�(_9�/�f-j(�8Xkm
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