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���������
(����	����� 650223)y u� +I<L - �L�D�GpHD�S!Xwrn�� PZT t���I<L - �Lrn�<0 PZT ����~[0�℄:℄ PZT(seed layer)/Pt/Ti/SiO2/Si BID�GpHD�~ 10%Pb X Pb(ZrxTi1−x)O3(x=0.3) mI�H6( 500nm X PZT t���+I℄

450◦C S}2� 575◦C *}2Xrb|>}2wrm PZT t��X&:Dy� PZT t��4V�P�X:V(��:V�℄�U4℄�Ug��k.iKkD�|$�
p = 2.3 × 10−8C·cm−2

·K−1, ε=500, tanδ=0.02, Fd = 0.94 × 10−5Pa−0.5.( 7 ��znw:V&�k.'Æ PZT; ~[0Ærb|>}2�#D+�TN304, TB43 il�XG�A

1 vs�
d) Pb(ZrxTi1−x)O3 ud��fN}�Yud�1d�Vd ;Wd)���v_GJ^�d���d��\[	"m��R�x9JP{ox;Wd'�l/(��F�(��.(F��9d�x (MEMS) =udgjNC( (FERAMS) [(F [1,4,7∼9,11,15]. d!GJ�Ph*9Y' IC <<A�dd90��^Q\Y	j�~3�wNfNQ�Y)�
 PZT ud��o�xsx9N MOCVD s [3] � PLD s [2,12] � Sol-gel s [5,9,10,13,15]=E�HqIEs [6,14] [
&qE�HqIEs�Q\Y<�o�OJYPÆ:����" IC <<A"|p�[|A
��Y~3x9Ns~3 (RTP)  #v��~3 (FA).�+���
��U [6,10,13,14]PZT ud��~3=�^ 600◦C �C�p/=L~3#�
�(F<<A
��K\T\	j�o	<���b-��Y`L5�����/n PZTud��Yo���P�Y3

� [17] ,J Sol-gel sJ PZT  PLZT Ns9:o�BQ� <111>5�Y��

� [18] ,J Sol-gel so�B PZT  PT(PbTiO3) Ns9:o�B;Wd)�Q�Y��

� [16] ,JE�HqIEs^ PZT  �d;iD9:qD1 PbO/TiO2,o��T\Q��)�Q�Y��
Rd!ud��~3	jQ	�h^ 600◦C �C
��
�{ox;Wd'�l/( IC <<A��
,J Sol-gel QHqIE�T"Yxs^
Pt/Ti/SiO2/Si ;^Co� PZT ud��
Z�J Sol-gel so�=1 PZT 	��\1�,J PZT 	��\1n� CpT�QuY=!�p
�\1n�o	��Y<���K\&UQ� 2005–09–14, \�q%&UQ�2005–11–153>mM� [�K�8l.6Wua�� (2002C0008Z)�{6=� �s- (1979– ), ��`T��>L	 E-mail: wzh1824@sina.com
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1224  8 ) � - � 21 g\T\	j�����4I7oÆ`L\�
^ PZT vud��*�q� Zr/Ti=30/70 ��fNQ	Y;Wd)� [16]. ,JE�HqIEF�J Pb(ZrxTi1−x)O3(x=0.3) nJ�Y'
PZT ��YI7���P����}Y%��T\���,J}?s~3YxsY';Ez

2 Wt
2.1 ���~�J|��Y SiO2/Si< 100 > ;^J JPG-500 �$HqIEF�j�IEI7=1)jX� 50nm Y Ti �	��k1�9+^ Ti �CR}I7=1)jX� 200nm Y Pt ��	��d;�frI7-^E# 1.

2.2 �?��~�J Sol-gel s^|��Y Pt< 111 >/Ti/SiO2/Si< 100 > ;^C� 4000r/min +{o�=1) 50nm Y�� 10%Pb Y PZT ud��	��\1�^ 450◦C %j 10min.

2.3 PZTÆL�~�,J PG-500�$HqIEF�IEI7)X 500nmY PZT����*� Pb(ZrxTi1−x)O3

(x=0.3) nJ��j` 60mm, ) 3mm, frI7-^E# 1. nHqIEF�Y'�Y�IEx�M��C�n��?��#Æ�a
� 1 PZT, Pt/Ti �J9Va8
Table 1 Sputtering deposition conditions of PZT and Pt/Ti thin films

Target PZT Pt Ti

Gas Ar Ar Ar

Base pressure/Pa (0.5∼ 1.0)×10−5 (0.5∼ 1.0)×10−5 (0.5∼ 1.0)×10−5

r.f. power/W 80∼120 — —

D.C. power/W — 60∼100 60∼100

Working pressure/Pa 3∼10 3∼10 3∼10

Flux/SCCM 15∼30 15∼30 15∼30

Substrate temperature/◦C R.T. R.T. R.T.

Film thickness/nm ∼500 ∼200 ∼50

2.4 PZTÆL�C^$5f2
PZT ��,Js}?~3 (RTP-500)Y';Ez�Z�n PZT ud��� 10◦C/s YJ	�}%^ 350 � 400 � 450 � 500  550◦C Y'T~3 5min, 9+^ 600◦C Y'+~3 5min. 7f� 10◦C/s YJ	� 450◦C T~3 5min, 9+}%^ 550 � 575  600◦C Y'+~3 5min.

2.5 PZTÆL<'�nH.pO��|J D/Max–3B$ XE�6E>n PZTud��YT\�T�Y'�}Æ
6E>Y�Ua� Cu, �E&7 λ=1.5405Å,	d1 40kV,	d� 30mA.JV�|��_ AFM(SEIKO

Instrument Inc. SPI 3800N Probe Spation & SPA-400SPM Unit) n��Y%� \{Y'�
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5 % �r,�Z�IOznw:V&�k.'X PZT t��2b 1225}Æ�n PZT +4r=;Y�MY';v (TGA)  2;}Æ (DTA). J5��^ JPG-500�$HqIEF�qj�IEI7j`� 0.5mm Y Pt/Ti Cd;�9+�R�J�3Y=t"$Ygjs;Wd�^/Y�xnio�Y PZT ud��Y'�;Wd)�/Y
J Agilent 4284A Precision LCR Meter /�� PZT ud��Y�nVd5^ εr  Vdh�
tanδ, /Y��� 1kHz.

3 ;*-`F
3.1 PZTÆL�T�$j (TGA) .�T$j(DTA)PJ Sol-gel xso�� PZT ���\1 (seed layer), n PZT +4r=;Y�MY';v (TGA)  2;}Æ (DTA), T�?z 1 iS
Mzn�iB�8� 400◦C,Mv�?�f�^ 450◦C �ZYy;~U��hQT\�7P�8� 600◦C a�N��Yy;~�_� PZT ��?tG�6
 y 1 PZT *3q�LX TG-DTA 1�

Fig. 1 TGA-DTA diagrams of PZT precursor

gel

y 2 PZT/PZT(seed layer)/Pt/Ti/SiO2/Si |$℄ 350 � 400 � 450 � 500 � 550◦C X&S}2*X XRD y$
Fig. 2 XRD patterns of PZT/PZT(seed

layer)/Pt/Ti/SiO2/Si thin films with pre-

annealing at 350, 400, 450, 500 and 550◦C

y 3 PZT/PZT(seed layer)/Pt/Ti/SiO2/Si ℄
450◦C X&S}2*�℄ 600◦C X&*}2X
XRD y$
Fig. 3 XRD patterns of PZT/PZT(seed layer)/

Pt/Ti/SiO2/Si thin films with pre-annealing at

400◦C and post-annealing at 600◦C

3.2 XRDdP$jn PZT/PZT(seed layer)/Pt/Ti/SiO2/Si ��}%^ 350 � 400 � 450 � 500  550◦C Y'T~3�n&Y' XRD }Æ�Ez 2. Mz 2 n�iB^ 2θ ≈ 30◦ �Z� 450◦C NB��6E~�_�K	j� PZT ud��hQT\�^ 500◦C N6E~G-���\{wG7P

ez 1  2 }Æ�7f 450◦C �T~3	j
^ 450◦C T~3 5min, 600◦C +~3
5min + PZT ud��Y XRD zEz 3. Mz 3 n�iB PZT ��?℄fNb$Y�
t�T�� PZT ud��=o\�`L5�'U#�
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3.3 PZT/PZT(seed layer)/Pt/Ti/SiO2/Si�InH$jJV�|��^ (AFM) n PZT/PZT(seed layer)/Pt/Ti/SiO2/Si ��^ 450◦C T~3 
600◦C +~3Y%� \{Y'�}Æ�Ez 4. Mzqn�iB�^ 450◦C T~3+�\{=�~{�\{Do�QP
 600◦C +~3+�\{7P�\{=Wy{�#Æ�Q!f


y 4 PZT/PZT(seed layer)/Pt/Ti/SiO2/Si AFM y
Fig. 4 AFM photographs of the surfaces of PZT/PZT(seed layer)/Pt/Ti/SiO2/Si thin films

(a) Pre-annealing at 400◦C; (b) Post-annealing at 600◦C

3.4 PZT/PZT(seed layer)/Pt/Ti/SiO2/SiÆL�TZ!pOM PZTud��Y;v}Æ (TGA) �2;}Æ (DTA)  XRD }Ænĥ 450◦CY'T~3+��W��}%��T\
n 450◦C T~3Y PZT/PZT (seed layer)/Pt/Ti/SiO2/Si}%^ 550 � 575  600◦C +~3Y PZT ud��Y'�;Wd�^��nVd5^ Vdh�/Y

PZT ��Y;Wd�^J�oY=t"$Ygjs;Wd�^/Y�xY'/�
�xM�Srox(oÆ8 =fY7|	j T0 =^�7|	jCeB=� Y�O�� ω�g�!.Y	j!. ∆T . ^7|	j�Q�Srox(;l?O<;!$Y�/8 ^� Y	j!.�3I;.d�!.
Md�!.3IY;Wdd�#�v�\_G�\d� Rs z0�d1#�
;Wdd�#S�

ip = A
dpi

dt
= A

dpi

dT

dT

dt
= AP

dT

dt
(1)E� Tt = T0 + ∆T sinωt

dT

dt
= ω∆T cosωt (2)��

Vf = Rsip = RsApω∆T cos(ωt) (3)
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5 % �r,�Z�IOznw:V&�k.'X PZT t��2b 1227e (3) R�?h;Wd#�d1 Vf ��\d� Rs �d;Æ: A �	j!.O�� ω  	j!.�j ∆T , d�AeB;Wd�^ P . z 5 � PZT ;Wd/Yd1�G2�
Mzqn�WB	j!.�j ∆T ;Wd#�d1 Vf ,Mpn�AeB;Wd�^ P . # 2 �B�\1Y PZT ud��^'w	j�Y's}?~3;Ez;W�^/YAeT�
# 3 �'B�\1Y PZT ud��^'w	j�Y's~3;Ez;W�^/YAeT�
l/jLlE� Fd U;Wd��*��v9Y"CE�i=�MR (4) #S
Fd =

P

c(εrε0tanδ)1/2
(4)

y 5 PZT t��:V�℄.X0�F1�
Fig. 5 Voltage responses of pyroelectric coeffi-

cient measurements for PZT ferroelectric thin

filmsRq P �;Wd�^� c �;>� εr ��nVd5^� ε0 �eoVd5^� tanδ �Vdh�
io�Y PZT ��Yl/jLlE� Fd AeT�E# 2  3.� 2 PZT/PZT(seed layer)/Pt/Ti/SiO2/Si�JB℄#4e10�oN�[:)
Table 2 Electrical properties of PZT/PZT(seed layer)/Pt/Ti/SiO2/Si thin films by rapid

stepping-annealing

Post-annealing pyroelectric coefficient Relative dielectric Dielectric loss Detectivity figure of

temperature/◦C /10−8C·cm−2
·K−1 constant εr tanδ merit/10−5Pa−0.5

550 1.6 510 0.021 0.63

575 2.3 500 0.020 0.94

600 1.9 520 0.020 0.76M# 2 iB�̂ 450◦CT~39+ 550◦C+~3Ez+�PZT ud��?℄fNQ�Y;Wd)�
M 550∼ 600◦C, f}~3	jYJ	�T\��A�R;Wd�^!.'P
=�_�^=fu��~3	jY	�T\Y��;Wd�^:Y	
M/YT�i 575◦C+~3;Wd�^B�t5
dn�U^		�� Pb  O V�>B�MMpSm�
t�qB� A � O �o��MpSm;Wd)��K
 PZT ud��)�/NQPYo	oD
Mz 3 n�iB�io�Y PZT ��=o\���NQ�Y`L5�
M# 2 � 3 n�iB�~3	jY!.�nVd5^ Vdh�H�'P� PZT ud��℄�B�\1 s}?~3���Y�nVd5^ Vdh�h	N�K���Y;Wd)��l/jLlE�WTP�o	
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1228  8 ) � - � 21 g� 3 PZT/Pt/Ti/SiO2/Si�JB℄e10�oN�[:)
Table 3 Electrical properties of PZT/Pt/Ti/SiO2/Si thin films by rapid annealing process

Annealing Pyroelectric coefficient Relative dielectric Dielectric loss Detectivity figure of

temperature/◦C /10−8C·cm−2
·K−1 constant εr tanδ merit/10−5Pa−0.5

550 0.0011 550 0.025 0.0004

575 0.38 530 0.026 0.012

600 0.36 525 0.024 0.13

4 ;FJE�HqIE Sol-gelsT"o�� PZT/PZT(seed layer)/Pt/Ti/SiO2/Si���,Js}?~3YxsY';Ez�^ 550◦C �~35W�Q�Y;Wd)��MpY=(�{ox;Wd'�l/(F IC <<90kZ
v�O77f� PZT ud��Ys}?~3Y;Ezxs�,J Sol-gelso�=1 PZT	��\1
"xso�Y PZTud��;Wd)�N�P�Yo	�^ 450◦C Y'T~3�9+^ 575◦C +~3;Ez�n�5WQ�Y;Wd)� (p=2.3×10−8C·cm−2
·K−1, εr=500, tanδ=0.02, Fd=0.94×10−5Pa−0.5). io�Y PZT ud��Uo\Y�`L5�Q2�MpSm PZT ��;Wd)��N�}q1,|
�Ahk
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PZT Ferroelectric Thin Film for Uncooled Pyroelectric

Infrared Detectors

WANG Zhong-Hua, LI Zhen-Hao, PU Chao-Guang,YANG Pei-Zhi, LIN You-Shen

(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Lead zirconate titanate(PZT) ferroelectric thin films were prepared by both sol-gel

and r.f. magnetron sputtering technologies. In order to decrease the crystallization temperature

of thin films and improve the probabilities of nucleus, a PZT seed-layer was prepared by using

the sol-gel method. The PZT ferroelectric thin films with about 500nm thickness were sputter-

deposited from a Pb(ZrxTi1−x)O3(x=0.3) ceramic target containing 10% excess Pb on PZT(seed

layer)/Pt/Ti/SiO2/Si substrates. The stepping-annealing with RTP (rapid thermal process) was

proposed for thermal treatment of the PZT ferroelectric thin films. The PZT ferroelectric thin film

showed good dielectric and pyroelectric properties by pre-annealing at 450◦C for 5min and following

post-annealing at 575◦C for 5min. The results of pyroelectric coefficient 2.3×10−8C·cm−2
·K−1,

relative dielectric constant 500, dielectric loss 0.02, detectivity figure of merit 0.94×10−5Pa−0.5

were obtained.

Key words uncooled pyroelectric infrared detectors; lead zirconate titanate(PZT); seed layer;

rapid stepping-annealing


