58 12 2009 12 Vol.58 No.12 December 2009
1000-3290/2009/58 12 /8607-05 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

*
1 2 F
1 223800
2 210097
2009 1 4 2009 4 28
/

5 kV/em 40%

50—1 x 10° Hz
PACC 7580 7760 7550B

AA/OH " .
1.
13 14
1
Cr, 0, Y Ho MnO,
26
/
—14
15—17
2.
5000—15000
y A
H o) 81 . 7 mm 12 mm
oulde 2.2 mm. PbZr,_,Ti Oy PZT
* 10674071

T . E-mail zhangning@ njnu. edu. cn



8608 58

PZT 1.5 mmx7 mmx 2.2 mm. o M, [ ¢
PZT A,
PZT . -

pzr ¢ : om 2 Ml 5
96 3o yst

2 2
_ M+ (.l)/(l)c 6
Hett = A/ 1+ w/wcz

w, .
ouldo YIS 1—6
S()Erlui2
& = 2 2 2
dy )’6«/ 1+ w/w, X pi+ wlo,
7
L= Nuppy AL/
L, Apl g . N v
1 /
L, Ho
3.
AL = N’ vpya, AVt 8
t AV =tAE
a, = oulok 1 dy
Ap=a,AE.
A6 /oK
ouloo
a,= dulds, lOE s ”
2
o b
o, #C
N vpya,0R, 1 - @’ C,L
ey R 1-wCL"’ mal 9
o,=7Yo Y . RP CP
a, = Oulds SlAE 1. 2 w=flzm f
do! 0 /
OFE =¢,¢,/dy €, &,
d31
4.
_ Eo&: op 3
G = Ydsy 9o
2 a
2 M1 AL/Ly= L-1L, /L, ® L
4 2

s = 370X, Yo L,



12 / 8609

3
30—100000 Hz 40% . PZT
2
-1000 V
+ 1000 V . pPZT
pPZT . 8
70
- L
=
S 60r
50 |
100 f A—A-Ammamﬁél% @ 101
““MA-A V=—1003:/ %ZA» B 0.50 F
80 [ e y 4, 0.2
an " g gmene “‘A ] 5 0.45
E‘ 60 I am l--_-...-- ﬂ Joo & .
3 ¥'=1000V e ] 3
e e eenent o0 bes s ates b&" S 0.40 -
40 o&"o"”“b‘l‘ 4-0.2 N
0 <00 0 000 Vg O 0 — ‘..i ]
AL, ¢
L : ' ' 0.35
. _ A q0.4
® AAW %—%' £,
40 AAZ Aiﬁ‘elf 1o.2 -1000 -500 0 500 1000
30 } ,AA ——}=0 /‘-,.; B [g E[/V
R AR A PR
N 90 | "0, —a—V=-1kV A_:,f 3
©. Az band 1 3 2 kHz a
° * ‘g ow°°
10 | %% ;eg'ooo_. 4-0.2 b
OO0 GO
0F A—Aﬂlw X ) 1
10° 10° 10* 10°
H 0.40 F
S/He E(=1000 V
r #=15k
2 1kV OV —1kV 0.30
a b a b o
i -
W e AV = N
< 0.20
+1000V  AV=-1000 V
9 0 10 C 1 1 1 1
AZIZy= Z -7, 17, o
50—
0.
2x10° Hz 2 b Z, <
N
PZT P
0.
2 a 2 kHz 0.
f/Hz
4 1 kv



8610 58
4
4 5.
5000 10000
10000
1 Srinivasan G Rasmussen E T Gallegos ] Srinivasan R Bokhan Y 12 Zhang N Fan ] F Rong X F Cao H X Wei JJ 2007 J. Appl.
I Laletin V M 2001 Phys. Rev. B 64 214408 Phys . 101 063907
2 Folen V' J Rado GT Stalder E W 1961 Phys. Rev. Lett. 6 607 13 Cole MW Ngo E Hirsch S Okatan M B Alpay S P 2008 Appl .
3 Rado G T Folen V J 1961 Phys. Rev. Lett. 7 310 Phys . Lett . 92 072906
4 Lottermoser T Lonkai T Amann U Hohlwein D  Thringer J 14 ZhongS Ban Z G Alpay S P Mantese ] V 2006 Appl. Phys.
Fiebig M 2004 Nature 430 541 Leit . 89 142913
5 Lorenz B Litvinchuk A P Gospodinov MM Chu C W 2004 Phys . 15 Ueno T Higuchi T 2006 Sens. Actuat. A 129 251
Rev. Lett. 92 087204 16  Ueno T Higuchi T 2005 [EEE Trans. Magn . 41 3670
Filippetti A Hill N A 2002 Phys. Rev. B 65 195120 17 WanJG Liu]JM Wang GH Nan C W 2006 Appl. Phys. Lett.
Bichurin M 1 Petrov VM Srinivasan G 2002 J. Appl. Phys. 92 88 182502
7681 18 Rong X F Zhang N Ke W L 2008 Eur. Phys. J. 41 49
Mori K Wuttig M 2002 Appl . Phys. Lett. 81 100 19 Zhang N Fang X Wang Z L2008 J. Appl. Phys. 104 014504
9 Srinivasan G de Vreugd C P Flattery C S Laletsm V M 20  Jiang Z Excell P S Hejazn Z M 1997 IEEE Trans. Microwave
Paddubnaya N 2004 Appl. Phys. Let:. 85 2550 Theory Tech . 45 135
10 Srinivasan G Rasmussen ET Gallegos J Srinivasan R Bokhan Y 21 RomeroTalamas C A Bellm P M Hsu S C 2004 Rev. Sci.
I Laletin V M 2001 Phys. Rev. B 64 214408 Instrum . 75 2664
11 Eerenstein W Mathur N D Scott J F 2006 Nature 442 759



12 /

8611

Electric field-controlled permeability and impedance
in a heterotypic composite of ferroelectrics/magnet
with high permeability *

Gao Jian-Sen'  Zhang Ning®
1 Basic Teaching Department  Sugian College Sugian 223800 China

2 School of Physical Science and Technology —Nanjing Normal University ~Nanjing 210097 China
Received 4 January 2009 revised manuscript received 28 April 2009

Abstract

Using the product effect of electrostrain and piezopermeability a novel and heterotypic composite of magnet/ferroelectrics
has been developed and its electromagnetic coupling has been investigated. Under a constant electric field of 5 kV/em about
40% electric-field-induced changes of inductance and impedance have been observed over a wide range of frequency for the
composites. The electric-field dependent inductance and impedance show a joint behavior of ferromagnetic and ferroelectric

relaxation. Analysis shows that all the behaviors observed can be ascribed to the electric field-controlled variation of the internal

stress in the composite .
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