US 20070040243A1

12y Patent Application Publication o) Pub. No.: US 2007/0040243 A1

a9y United States

Ohashi et al. 43) Pub. Date: Feb. 22, 2007
(54) INSULATING TARGET MATERIAL, (22) Filed: Aug. 15, 2006
METHOD OF MANUFACTURING
INSULATING TARGET MATERIAL, 30) Foreign Application Priority Data
CONDUCTIVE COMPLEX OXIDE FILM,
AND DEVICE Aug. 16, 2005 (JP) cvveeececrereecn 2005-235809

(75) Inventors: Koji Ohashi, Chino (JP); Setsuya
Iwashita, Nirasaki (JP); Takeshi
Kijima, Matsumoto (JP); Yasuaki
Hamada, Suwa (IP)

Correspondence Address:

HARNESS, DICKEY & PIERCE, P.L.C.
P.O. BOX 828

BLOOMFIELD HILLS, MI 48303 (US)

(73) Assignee: Seiko Epson Corporation

(21) Appl. No:  11/504,255

Publication Classification

(51) Int. CL

HOIL 23/58 (2006.01)
(52) US. Cle oo 257/629
(57) ABSTRACT

An insulating target material for obtaining a conductive
complex oxide film represented by a general formula ABO,,
the insulating target material including an oxide of an
element A, an oxide of an element B, and at least one of an
Si compound and a Ge compound.

90




Patent Application Publication Feb. 22,2007 Sheet 1 of 25 US 2007/0040243 A1

FIG.1

/ST

MIXING OXIDE POWDER

l 52

CALCINING AND PULVERIZING
MIXED MATERIAL (PRODUCTION
OF FIRST POWDER)

l rS3

MIXING FIRST POWDER AND
SOLUTION (Si COMPOUND AND/
OR Ge COMPOUND)

b s

SEPARATING POWDER
(PRODUCTION OF SECOND
POWDER)

l SO

CALCINING AND PULVERIZING
SECOND POWDER(PRODUCTION
OF THIRD POWDER)

l S6

SINTERING THIRD POWDER




US 2007/0040243 A1

Patent Application Publication Feb. 22,2007 Sheet 2 of 25

FIG.2




Patent Application Publication Feb. 22,2007 Sheet 3 of 25 US 2007/0040243 A1

FIG.3




Patent Application Publication Feb. 22,2007 Sheet 4 of 25 US 2007/0040243 A1

FIG.4
HEAT | EM |OUTWARD
|[TREATMENT APPEAR -

ANCE




Patent Application Publication Feb. 22,2007 Sheet 5 of 25 US 2007/0040243 A1

FIG.S

a: AsDepo V
| bl gooes/15m/ 02__
600

500
400
300
200
100.

20 30 40 50

'LNSO FILM 1



Patent Application Publication Feb. 22,2007 Sheet 6 of 25 US 2007/0040243 A1

- FIG.6




Patent Application Publication Feb. 22,2007 Sheet 7 of 25 US 2007/0040243 A1

FIG.7




Patent Application Publication Feb. 22,2007 Sheet 8 of 25 US 2007/0040243 A1

FIG.8

HEAT
TREATMENT‘




Patent Application Publication Feb. 22,2007 Sheet 9 of 25 US 2007/0040243 A1

FIG.9

26 )



Patent Application Publication Feb. 22,2007 Sheet 10 of 25 US 2007/0040243 A1

FIG.10

IntensitACPS)

26C )



Patent Application Publication Feb. 22,2007 Sheet 11 of 25 US 2007/0040243 A1

FIG.11




Patent Application Publication Feb. 22,2007 Sheet 12 of 25 US 2007/0040243 A1

FIG.12

800°C/Ar or N2




Patent Application Publication Feb. 22,2007 Sheet 13 of 25 US 2007/0040243 A1

FIG.13

'HI”FEQA-AFTM NT 28 |SEM
FATME (100)

AsDepo

700~800°C|
/02

700~800°C
/Aror N2




Patent Application Publication Feb. 22,2007 Sheet 14 of 25 US 2007/0040243 A1

FIG.14

‘Intensity(_CPS)

20 25 30 35 40 45 50
26C )
Q. — SILICATE ADDITION
AsDepo :
D). — SILICATE ADDITION
800°C /02
C. — NO ADDITION



Patent Application Publication Feb. 22,2007 Sheet 15 of 25 US 2007/0040243 A1

FIG.15A

210 ZJZO
IT—-—L----:--_— ---------------- _:i]-r I
| 1000 Efzoo
] —_— “""""““"""': """""" o= ro -
310 __ | . o .
300{320~//
FIG.15B
| 300 . 200 N
[ - ) |
460 450
| .
7 —/ 7 —440
NN AN i —_—430
N N \ 220
\ S 215 >230
N N 210
N N v/ /77777 LA
N N | —420
N

7

I
336 332 334 336

~
330




Patent Application Publication Feb. 22,2007 Sheet 16 of 25 US 2007/0040243 A1

FIG.16
s 500
502
503
_,£ 501 }504
\\ N
\ NN N\F
wi =)
505 506
507
FIG.17
bit line
word line
| —
Cs ===
i

plate line



Patent Application Publication Feb. 22,2007 Sheet 17 of 25 US 2007/0040243 A1

FIG.18

FIG.19

S|'| 1 1 I‘S—l )
ﬁ‘z—‘: 1 Eoo {‘—’: F=]

L ] R ] N ’\/52

NNIANANSWISNIAY

521 511 521 51 : 511




Patent Application Publication Feb. 22,2007 Sheet 18 of 25 US 2007/0040243 A1

FI1G.20

524

—523
~—52

55




Patent Application Publication Feb. 22,2007 Sheet 19 of 25 US 2007/0040243 A1

FIG.21




Patent Application Publication Feb. 22,2007 Sheet 20 of 25

FIG.22

18

300

US 2007/0040243 A1

12

11

FIG.23




Patent Application Publication Feb. 22,2007 Sheet 21 of 25 US 2007/0040243 A1

FI1G.24

FIG.25

62 64 ' 53 65c 68
4 \ N
( \ 68 ) 1. 60
7 ﬁ \ W
| AN B N I
1461
\.
\. J




Patent Application Publication Feb. 22,2007 Sheet 22 of 25 US 2007/0040243 A1

FIG.26
60
2 63 )
(- B — )
2 Ny —) 164
 e———— \"‘\65b
67 6/6 68 68
Ll
1A—-65a
r'é//)/ 7
67 66 ? —— | (| S YN
g Crrrrrrri i)
N Y,
FIG.27
71 72 74
70 ) ) 73 (
\ ]
PHASE ' LOW-
é——r COMPA- PASS vVCO
RATOR FILTER




US 2007/0040243 A1

Patent Application Publication Feb. 22,2007 Sheet 23 of 25

HIAIZOTY |« s e 43XIN ¥317d H3ENdAY |
: NOLLd303Y NOILd303d NOLLd303d 3ISION-MO1
167 067 4 687 % 88~/ L8’
AVIdSId e
G567 431714 DNIHONVHE
o] HIZISTHLNAS
104LNOD ™ Aonanoaus ooy VOB VYNNILNV
J
T IV S 267 5s7 ¥ 557
v6-/
L \
3L LIN- ONISS3004d H3IXIW d3Ld HIEHMdNY
SNVYL - TVNOIS > NOISSIN- NOISSIN- HIAMOd
NOISSINSNVY L SNVHL SNVYL NOISSINSNYY.L
o8’ 187 28’ €8’ 87
oLe’
oog”/
8¢ Dld




Patent Application Publication Feb. 22,2007 Sheet 24 of 25 US 2007/0040243 A1

FIG.29

& - 2200

- -
.......




US 2007/0040243 A1

Patent Application Publication Feb. 22,2007 Sheet 25 of 25

0022 0002~
AMOWIW %0010 891
gL/ 4  gs”/
¥ ¥ 0L L~ HoLlvInaow3a
7OHLNOD 01907 1_ -
v81 0812
E NOILd303Y
SNVYL ZLL
golL
L81L { Y
- YITIOYLINOD
" 991~ 219071
YNNILNY | [(PHM DNIHOLVIN NOLLYTI3ONYD o7
volL HIARA
o1 v
HIAIAOTY | YNNILNY €Ot NOLLYINAOW | |
S
ogL” OLle 291~ NOLLYTI0SO

I>|_n_n5m
d3IMod

28l

NOISSINSNYHL

\

\ .
L9l JOV4HALINI TOHLINOD
oz1z”
Alddns
- 4IMod
zL1

0€OI4



US 2007/0040243 Al

INSULATING TARGET MATERIAL, METHOD OF
MANUFACTURING INSULATING TARGET
MATERIAL, CONDUCTIVE COMPLEX OXIDE
FILM, AND DEVICE

[0001] Japanese Patent Application No. 2005-235809,
filed on Aug. 16, 2005, is hereby incorporated by reference
in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an insulating target
material suitably used for radio frequency (RF) sputtering, a
method of manufacturing the insulating target material, a
conductive complex oxide film, and a device.

[0003] A target for obtaining a complex oxide film by
sputtering is generally obtained as follows. For example, a
target for obtaining a perovskite oxide film of the general
formula ABO; is obtained by pulverizing oxide raw mate-
rials of the element A and the element B, mixing the oxide
raw materials taking the stoichiometric composition into
consideration, and sintering the mixture. A material dis-
closed in JP-A-10-176264 has been known as such a target,
for example. This document discloses a sputtering target for
a perovskite oxide of the chemical formula ABO; which has
a specific relative density and size.

[0004] On the other hand, the inventor of the invention
found that a target sufficient for obtaining a conductive
complex oxide film of the general formula ABO, cannot be
obtained by merely pulverizing oxide raw materials of the
element A and the element B and mixing and sintering the
oxide raw materials at a specific composition.

[0005] For example, the inventor formed a target for
forming an LaNiO; conductive complex oxide film by RF
sputtering using a known sintering method to obtain the
following findings. Specifically, a target obtained by mixing
an La oxide powder and an Ni oxide powder at a compo-
sition ratio of 1:1 and sintering the mixture did not exhibit
uniform insulating properties over the entire target, in which
a portion exhibiting low insulating properties (i.e. portion
exhibiting conductivity higher than that of the surrounding
portion) was formed. When RF sputtering is performed
using such a target, plasma is concentrated on the portion
exhibiting low insulating properties, whereby the portion on
which the plasma is concentrated may be dissolved or cracks
may occur in the target due to plasma concentration. This
makes it difficult to use such a target for RF sputtering.

SUMMARY

[0006] According to a first aspect of the invention, there is
provided an insulating target material for obtaining a con-
ductive complex oxide film represented by a general formula
ABQO,, the insulating target material comprising:

[0007] an oxide of an element A;

[0008] an oxide of an element B; and

[0009] at least one of an Si compound and a Ge com-
pound.

[0010] According to a second aspect of the invention,

there is provided a method of manufacturing an insulating
target material for obtaining a conductive complex oxide
film represented by a general formula ABO;, the method
comprising:
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[0011] mixing an oxide of an element A and an oxide of an
element B, heat-treating the resulting mixed powder, and
pulverizing the resulting product to obtain a first powder;

[0012] mixing the first powder and a solution including at
least one of an Si raw material and a Ge raw material, and
collecting the resulting powder to obtain a second powder;

[0013] heat-treating the second powder and pulverizing
the resulting product to obtain a third powder; and

[0014] heat-treating the third powder.

[0015] According to a third aspect of the invention, there
is provided a conductive omplex oxide film, being formed
by RF sputtering method using the above-described insu-
lating target material.

[0016] According to a fourth aspect of the invention, there
is provided a device, comprising:

[0017]

[0018] the above-described conductive complex oxide
film formed above the base.

a base; and

[0019] According to a fifth aspect of the invention, there
is provided an insulating target material, comprising:

[0020] an oxide of a first element;

[0021] an oxide of a second element; and
[0022] at least one of an Si compound and a Ge com-
pound.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0023] FIG. 1 is a flowchart showing a method of manu-
facturing an insulating target material according to one
embodiment of the invention.

[0024] FIG. 2 is a photograph showing the outward
appearance of an insulating target material of Example 1 of
the invention.

[0025] FIG. 3 is a photograph showing an insulating target
material of Comparative Example 1.

[0026] FIG. 4 is a view showing heat treatment and
evaluation results of a conductive complex oxide film of
Example 2 of the invention.

[0027] FIG. 5 is a view showing X-ray analysis results of
the conductive complex oxide film of Example 2.

[0028] FIG. 6 is an SEM view of the conductive complex
oxide film of Example 2.

[0029] FIG. 7 is a photograph showing the outward
appearance of the conductive complex oxide film of
Example 2.

[0030] FIG. 8 is a view showing heat treatment and
evaluation results of a conductive complex oxide film of
Comparative Example 2.

[0031] FIG.9 is a view showing X-ray analysis results of
the conductive complex oxide film of Comparative Example
2.

[0032] FIG. 10 is a view showing X-ray analysis results of
the conductive complex oxide film of Comparative Example
2.
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[0033] FIG. 11 is an SEM view of the conductive complex
oxide film of Comparative Example 2.

[0034] FIG. 12 is a photograph showing the outward
appearance of the conductive complex oxide film of the
comparative example.

[0035] FIG. 13 is a view showing heat treatment and
evaluation results of a conductive complex oxide film of
Example 3 of the invention.

[0036] FIG. 14 is a view showing X-ray analysis results of
the conductive complex oxide films of Example 3 and
Comparative Example 4.

[0037] FIGS. 15A and 15B are views showing a semicon-
ductor device according to one embodiment of the inven-
tion.

[0038] FIG. 16 is a cross-sectional view schematically
showing a 1T1C ferroelectric memory according to one
embodiment of the invention.

[0039] FIG. 17 is a view showing an equivalent circuit of
the ferroelectric memory shown in FIG. 16.

[0040] FIG. 18 is a cross-sectional view schematically
showing a piezoelectric device according to an application
example of one embodiment of the invention.

[0041] FIG. 19 is a schematic configuration view of an
inkjet recording head according to an application example of
one embodiment of the invention.

[0042] FIG. 20 is an exploded perspective view of an
inkjet recording head according to an application example of
one embodiment of the invention.

[0043] FIG. 21 is a schematic configuration view of an
inkjet printer according to an application example of one
embodiment of the invention.

[0044] FIG. 22 is a cross-sectional view showing a surface
acoustic wave device according to an application example of
one embodiment of the invention.

[0045] FIG. 23 is a perspective view showing a frequency
filter according to an application example of one embodi-
ment of the invention.

[0046] FIG. 24 is a perspective view showing an oscillator
according to an application example of one embodiment of
the invention.

[0047] FIG. 25 is a schematic view showing an example in
which an oscillator according to an application example of
one embodiment of the invention is applied to a VCSO.

[0048] FIG. 26 is a schematic view showing an example in
which an oscillator according to an application example of
one embodiment of the invention is applied to a VCSO.

[0049] FIG. 27 is a block diagram showing the basic
configuration of a PLL circuit according to an application
example of one embodiment of the invention.

[0050] FIG. 28 is a block diagram showing the configu-
ration of an electronic circuit according to an application
example of one embodiment of the invention.

[0051] FIG. 29 is a view showing a communication sys-
tem using a reader/writer according to an application
example of one embodiment of the invention.
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[0052] FIG. 30 is a schematic block diagram of the com-
munication system shown in FIG. 29.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0053] The invention may provide an insulating target
material for obtaining a conductive complex oxide film
which is uniform and exhibits excellent properties such as
excellent insulating properties.

[0054] The invention may also provide a method of manu-
facturing the above insulating target material.

[0055] The invention may also provide a conductive com-
plex oxide film formed by using the above insulating target
material.

[0056] The invention may further provide a device includ-
ing the above conductive complex oxide film.

[0057] According to one embodiment of the invention,
there is provided an insulating target material for obtaining
a conductive complex oxide film represented by a general
formula ABO;, the insulating target material comprising:

[0058] an oxide of an element A;

[0059] an oxide of an element B; and

[0060] at least one of an Si compound and a Ge com-
pound.

[0061] The insulating target material according to this

embodiment may be suitably used for RF sputtering due to
uniformity and excellent insulating properties. The insulat-
ing target material according to this embodiment allows a
conductive complex oxide film which exhibits excellent
crystal orientation and excellent surface morphology to be
obtained.

[0062] Inthis insulating target material, the element A may
be at least one element selected from La, Ca, Sr, Mn, Ba, and
Re.

[0063] In this insulating target material, the element B
may be at least one element selected from Ti, V, Sr, Cr, Fe,
Co, Ni, Cu, Ru, Ir, Pb, and Nd.

[0064] In this insulating target material, the Si compound
and the Ge compound may be oxides.

[0065] The insulating target material may further comprise
an Nb compound.

[0066] Inthis insulating target material, the element A may
be La, and the element B may be Ni.

[0067] According to one embodiment of the invention,
there is provided a method of manufacturing an insulating
target material for obtaining a conductive complex oxide
film represented by a general formula ABO;, the method
comprising:

[0068] mixing an oxide of an element A and an oxide of an
element B, heat-treating the resulting mixed powder, and
pulverizing the resulting product to obtain a first powder;

[0069] mixing the first powder and a solution including at
least one of an Si raw material and a Ge raw material, and
collecting the resulting powder to obtain a second powder;
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[0070] heat-treating the second powder and pulverizing
the resulting product to obtain a third powder; and

[0071] heat-treating the third powder.

[0072] The manufacturing method according to this
embodiment allows an insulating target material which is
uniform and exhibits excellent insulating properties to be
obtained.

[0073] In this method of manufacturing an insulating
target material,
[0074] the solution may include at least one of the Si raw

material and the Ge raw material in an amount of 2 to 10 mol
%.

[0075] In this method of manufacturing an insulating
target material, the mixed powder may be heat-treated at 900
to 1000° C.

[0076] In this method of manufacturing an insulating
target material, the second powder may be heat-treated at
900 to 1000° C.

[0077] In this method of manufacturing an insulating
target material, the third powder may be heat-treated at 1000
to 1500° C.

[0078] According to one embodiment of the invention,
there is provided a conductive complex oxide film, being
formed by RF sputtering method using the above-described
insulating target material.

[0079] According to one embodiment of the invention,
there is provided a device, comprising:

[0080]

[0081] the above-described conductive complex oxide
film formed above the base.

a base; and

[0082] The device according to this embodiment refers to
a device including the above conductive complex oxide film,
and includes a part including the conductive complex oxide
film and an electronic instrument including the part. Specific
examples of the device are described later.

[0083] According to one embodiment of the invention,
there is provided an insulating target material, comprising:

[0084] an oxide of a first element;

[0085] an oxide of a second element; and

[0086] at least one of an Si compound and a Ge com-
pound.

[0087] Some embodiments of the invention will be

described in detail below.

1. Insulating Target Material

[0088] An insulating target material according to one
embodiment of the invention is an insulating target material
for obtaining a conductive complex oxide film of the general
formula ABO; and includes an oxide of an element A (first
element), an oxide of an element B (second element), and at
least one of an Si compound and a Ge compound.

[0089] Specifically, at least the element A and the element
B are included in the insulating target material according to
this embodiment as oxides. The element A may be at least
one element selected from La, Ca, Sr, Mn, Ba, and Re. The
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element B may be at least one element selected from Ti, V,
Sr, Cr, Fe, Co, Ni, Cu, Ru, Ir, Pb, and Nd.

[0090] A uniform insulating target material which exhibits
excellent insulating properties can be obtained by incorpo-
rating at least one of the Si compound and the Ge compound
into the insulating target material according to this embodi-
ment, as is clear from the examples described later. It is
preferable that the insulating target material include at least
the Si compound of the Si compound and the Ge compound.
It is preferable that the Si compound and the Ge compound
be oxides.

[0091] In this embodiment, the insulating target material
may further include an Nb compound such as an Nb oxide.
An oxygen deficiency in the deposited conductive complex
oxide film can be compensated for by incorporating the Nb
oxide into the insulating target material.

[0092] The oxide of the element A and the oxide of the
element B may be included in the insulating target material
according to this embodiment at the same ratio as the
stoichiometric composition of the deposited conductive
complex oxide (general formula ABO,), that is, at a ratio of
A:B=1:1 or a ratio close to this ratio. It is preferable that the
insulating target material according to this embodiment not
have a perovskite structure of the general formula ABO,.
When the insulating target material has such a perovskite
structure, the resulting target exhibits conductivity. As a
result, the target may not be suitably used, or cannot be used,
as a RF sputtering target.

[0093] As examples of the conductive complex oxide film
to which the insulating target material according to this
embodiment may be applied, La(Sr)CoO; (the metal in the
parentheses indicates a substituent metal; hereinafter the
same) such as LaCoO;, SrCoO;, and La, Sr,CoO,
(wherein x and y represent rational numbers of 0 to 1;
hereinafter the same), La(Sr)MnO, such as LaMnOj,
SrMnO;, and La,_ Sr,MnO;, LaNiO;, SrNiO;, La(Sr)NiO;,
CaCoO,, La(Sr)(Fe)CoO; such as La(Ca)CoO,, LaFeO,,
StFeO;, La(Sr)FeO;, and La, ,Sr,Co, Fe O;, La,,S-
r,VO;, La, Ca FeO,, LaBaO;, LaMnO;, LaCuO;, LaTiO;,
BaCeO;, BaTiO;, BaSnO,, BaPbO,, BaPb, ,O;, CaCrO;,
CaVO;, CaRuO;, SrIrO;, SrFeO;, SrVO;, SrRuO;, Sr(P-
HRuO;, SrTiO;, SrReO;, SrCeO,, SrCrO;, BaReO;, BaPb,
xB1,0;, CaTiO;, CaZrO;, CaRuO;, CaTi, Al O;, and the
like can be given.

2. Method of Manufacturing Insulating Target
Material

[0094] The insulating target material according to one
embodiment of the invention may be formed using the
following method. This insulating target material is a target
material for obtaining a conductive complex oxide film of
the general formula ABO,.

[0095] The manufacturing method according to this
embodiment includes mixing an oxide of an element A and
an oxide of an element B, heat-treating the mixed powder,
and pulverizing the resulting product to obtain a first pow-
der, mixing the first powder and a solution including at least
one of an Si raw material and a Ge raw material and
collecting the resulting powder to obtain a second powder,
heat-treating the second powder and pulverizing the result-
ing product to obtain a third powder, and heat-treating the
third powder.
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[0096] In more detail, the manufacturing method accord-
ing to this embodiment may include the steps shown in FIG.
1.

[0097] (1) Production of First Powder

[0098] A powder of an oxide of the element A and a
powder of an oxide of the element B are mixed at a
composition ratio of 1:1, for example (step S1). The result-
ing mixed material is calcined at 900 to 1000° C. and
pulverized to obtain a first powder (step S2). The resulting
first powder includes the oxide of the element A and the
oxide of the element B.

[0099] (2) Production of Second Powder

[0100] The first powder and a solution including at least
one of an Si raw material and a Ge raw material (Si raw
material and/or Ge raw material) are mixed (step S3). As the
Si raw material or the Ge raw material, an alkoxide, organic
acid salt, inorganic acid salt, or the like which may be used
as a precursor material for a sol-gel method or an MOD
method may be used. As the solution, a solution prepared by
dissolving the Si raw material and/or the Ge raw material in
an organic solvent such as an alcohol may be used. The Si
raw material and/or the Ge raw material may be included in
the solution in an amount of 2 to 10 mol % of the conductive
complex oxide of the general formula ABO;.

[0101] The Si raw material and the Ge raw material are
preferably liquid at room temperature or soluble in the
solvent. As examples of the compound which may be used,
an organic salt, alkoxide, inorganic salt, and the like can be
given. As specific examples of the organic salt, formate,
acetate, propionate, butyrate, octylate, stearate, and the like
of Si and Ge can be given. As specific examples of the
alkoxide, ethoxide, propoxide, butoxide, and the like of Si
and Ge can be given. The alkoxide may be a mixed alkoxide.
As specific examples of the inorganic salt, hydroxide, chlo-
ride, fluoride, and the like of Si and Ge can be given. These
compounds may be directly used when these compounds are
liquid at room temperature, or may be used after dissolving
the compound in a solvent. The Si raw material and the Ge
raw material are not limited to the above compounds. A
number of Si salts and Ge salts other than the above
compounds may also be suitably used.

[0102] The powder and the solution are then separated by
filtration or the like to obtain a second powder (step S4). The
resulting second powder is obtained by mixing the first
powder and the solution.

[0103] (3) Production of Third Powder

[0104] The second powder is calcined at 900 to 1000° C.
and pulverized to obtain a third powder (step S5). The
resulting third powder includes the oxide of the element A,
the oxide of the element B, and the oxides of the Si raw
material and/or the Ge raw material.

[0105] (4) Sintering

[0106] The third powder is sintered using a known method
(step S6). For example, the third powder may be placed in
a die and sintered by vacuum hot pressing. The third powder
may be sintered at 1000 to 1500° C. The insulating target
material according to this embodiment may be thus
obtained.
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[0107] (5) Grinding

[0108] The resulting insulating target material may be
ground on the surface by wet grinding, as required.

[0109] The manufacturing method according to this
embodiment allows a uniform insulating target material
exhibiting excellent insulating properties to be obtained due
to inclusion of the step of mixing the first powder and the
solution of the Si raw material and/or the Ge raw material,
as is clear from the examples described later. According to
this manufacturing method, an insulating target material can
be obtained which produces a conductive complex oxide
film exhibiting highly controlled crystal orientation and
excellent surface morphology.

3. Conductive Complex Oxide Film

[0110] A conductive complex oxide film of the general
formula ABO; may be obtained by RF sputtering using the
above insulating target material. The conductive complex
oxide film includes at least one of Si and Ge, and preferably
at least Si. The conductive complex oxide film of the general
formula ABO; may include at least one of Si and Ge in an
amount of 0.001 to 5 mol %, and preferably 0.001 to 1 mol
%. Specific examples of the conductive complex oxide film
of the general formula ABO; according to this embodiment
have been described above. Therefore, further description is
omitted.

[0111] In RF sputtering, argon and oxygen may be used as
the sputtering gas. In this embodiment, an excellent con-
ductive complex oxide film may be obtained in an atmo-
sphere which contains only argon and does not contain
oxygen.

[0112] The conductive complex oxide film according to
this embodiment exhibits excellent crystal orientation and
excellent surface morphology. For example, it was con-
firmed that a (100)-oriented L.aNiOj; film can be obtained by
RF sputtering when using an insulating target material
including oxides of La and Ni and an oxide of Si.

4. EXAMPLES

[0113] Examples according to the invention and compara-
tive examples are described below. Note that the invention
is not limited to the following examples.

4.1. Example 1 and Comparative Example 1

[0114] An insulating target according to Example 1 was
formed using the following method.

[0115] A first powder was produced. In more detail, a
powder of an oxide of La and a powder of an oxide of Ni
were mixed at a composition ratio of 1:1. The resulting
mixed material was calcined at 900 to 1000° C. and then
pulverized to obtain a first powder.

[0116] A second powder was then produced. In more
detail, the first powder and a silicon alkoxide solution were
mixed. The silicon alkoxide solution was prepared by dis-
solving a silicon alkoxide in an alcohol in an amount of 5
mol %.

[0117] The powder and the solution were then separated
by filtration to obtain a second powder. The resulting second
powder was obtained by mixing the first powder and the
solution.
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[0118] The second powder was calcined at 900 to 1000° C.
and then pulverized to obtain a third powder.

[0119] The third powder was sintered using a known
method. In more detail, the third powder was placed in a die
and sintered by vacuum hot pressing. The third powder was
sintered at 1400° C. A target sample 1 of Example 1 was thus
obtained.

[0120] FIG. 2 is a photograph of the surface of the target
sample 1. As shown in FIG. 2, it was confirmed that the
target of Example 1 had a uniform surface and did not
contain defects such as cracks.

[0121] Comparative Example 1 is described below. In
Comparative Example 1, a target sample 2 was obtained in
the same manner as in Example 1 except that the step of
forming the second powder by mixing the first powder and
the solution was omitted. Specifically, the target sample 2 of
Comparative Example 1 was obtained by directly sintering
the first powder of Example 1. The surface of the target
sample 2 was observed. As a result, it was confirmed that
cracks occurred in the surface of the target, as shown in FIG.
3.

4.2. Example 2 and Comparative Example 2

[0122] InExample 2, a film of a conductive complex oxide
(La,N1,S1)O; (hereinafter called “LNSO film 1”) with a
thickness of 80 nm was formed on a base by RF sputtering
using the target sample 1 obtained in Example 1. As the
base, a base formed by stacking a ZrO, film, a TiOy film,
and a Pt film on a silicon substrate in that order was used.
The RF sputtering was performed at a base temperature of
400° C., a power of 1400 W, a base-target distance of 70
mm, and a gas ratio of Ar/O,=80/20.

[0123] The LNSO film 1 was subjected to X-ray analysis,
SEM observation, and outward appearance observation. The
results are shown in FIG. 4. FIG. 4 shows the results for a
sample (AsDepo) immediately after depositing the LNSO
film 1, a sample obtained by annealing the deposited LNSO
film 1 at 700 to 800° C. in an oxygen atmosphere, and a
sample obtained by annealing the deposited LNSO film 1 at
700 to 800° C. in an argon or nitrogen atmosphere. FIG. 5§
shows the X-ray diffraction patterns of the LNSO film 1. In
FIG. 5, the pattern indicated by the symbol “a” is the pattern
of the LNSO film 1 immediately after deposition, and the
pattern indicated by the symbol “b” is the pattern of the
LNSO film 1 annealed in an oxygen atmosphere. FIG. 6 is
an SEM image of the LNSO film 1 annealed in an oxygen
atmosphere, and FIG. 7 is a photograph of the outward
appearance of the LNSO film 1.

[0124] The following items were confirmed from FIGS. 4
to 7.

[0125] As shown in FIG. 5, the LNSO film 1 of Example
2 was (100)-oriented. The peak was increased and 20 was
increased to some extent due to annealing. As is clear from
the SEM image, it was confirmed that the AsDepo LNSO
film 1 and the annealed LNSO film 1 exhibited excellent
surface morphology. As is clear from the outward appear-
ance photograph, it was confirmed that the AsDepo LNSO
film 1 and the annealed LNSO film 1 had a uniform surface
state.

[0126] In Comparative Example 2, an LNSO film 2 was
obtained in the same manner as in Example 2 except for
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using the target sample 2 obtained in Comparative Example
1. The LNSO film 2 was subjected to X-ray analysis, SEM
observation, and outward appearance observation in the
same manner as in Example 2. The results are shown in FIG.
8. FIG. 8 shows the results for a sample (AsDepo) imme-
diately after depositing the LNSO film 2, a sample obtained
by annealing the deposited LNSO film 2 at 700 to 800° C.
in an oxygen atmosphere, and a sample obtained by anneal-
ing the deposited LNSO film 2 at 700 to 800° C. in an argon
or nitrogen atmosphere. FIGS. 9 and 10 show the X-ray
diffraction patterns of the LNSO film 2. FIG. 9 is the pattern
of part of the annealed LNSO film 2, and FIG. 10 is the
pattern of another part of the LNSO film 2. FIG. 11 is an
SEM image of the LNSO film 2 annealed in an oxygen
atmosphere, and FIG. 12 is a photograph of the outward
appearance of the LNSO film 2.

[0127] The following items were confirmed from FIGS. 8
to 12.

[0128] As shown in FIG. 12, it was confirmed that the
LNSO film 2 of Comparative Example 2 had a nonuniform
surface outward appearance, in which the color of the
surface differs between the upper portion and the lower
portion of the photograph. FIG. 9 shows the X-ray pattern of
the LNSO film 2 in the upper portion of the outward
appearance photograph, and FIG. 10 shows the X-ray pat-
tern of the LNSO film 2 in the lower portion of the outward
appearance photograph. As shown in FIGS. 9 and 10, it was
confirmed that the LNSO film 2 was (100)-oriented in the
lower portion of the outward appearance photograph, and
that the LNSO film 2 was (100)-oriented to only a small
extent in the upper portion of the outward appearance
photograph. Specifically, it was confirmed that the LNSO
film 2 of Comparative Example 2 exhibited nonuniform
crystallinity. As is clear from the SEM image, it was
confirmed that the annealed LNSO films 2 exhibited poor
surface morphology.

4.3. Example 3 and Comparative Example 3

[0129] 1In Example 3, an LNSO film 3 with a thickness of
80 nm was formed on a base in the same manner as in
Example 2 except for changing the gas ratio during RF
sputtering to Ar/O,=100/0 (atmosphere containing only
argon).

[0130] The LNSO film 3 was subjected to X-ray analysis
and SEM observation. The results are shown in FIG. 13.
FIG. 13 shows the results for a sample (AsDepo) immedi-
ately after depositing the LNSO film 3, a sample obtained by
annealing the deposited LNSO film 3 at 700 to 800° C. in an
oxygen atmosphere, and a sample obtained by annealing the
deposited LNSO film 3 at 700 to 800° C. in an argon or
nitrogen atmosphere. FIG. 14 shows the X-ray diffraction
patterns of the LNSO film 3. In FIG. 14, the pattern indicated
by the symbol “a” is the pattern of the LNSO film 3
immediately after deposition, and the pattern indicated by
the symbol “b” is the pattern of the LNSO film 3 annealed
in an oxygen atmosphere.

[0131] The following items were confirmed from FIGS.
13 and 14.

[0132] The LNSO film 3 of Example 3 was (100)-ori-
ented. The peak was increased and 20 was increased to some
extent due to annealing. As is clear from the SEM image, it
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was confirmed that the AsDepo LNSO film 3 and the
annealed LNSO film 3 exhibited excellent surface morphol-

ogy.

[0133] In Comparative Example 3, an LNSO film 4 was
obtained in the same manner as in Example 3 except for
using the target sample 2 obtained in Comparative Example
1. The LNSO film 4 was subjected to X-ray analysis and
SEM observation in the same manner as in Example 3. FIG.
14 shows the X-ray diffraction pattern (symbol “c”) of the
LNSO film 4 of Comparative Example 3. As shown in FIG.
14, the LNSO film 4 was (100)-oriented to only a small
extent, and was (100)-oriented to a small extent.

[0134] From the above results, it was confirmed that an
insulating LNSO target material which does not contain
cracks or the like and exhibits excellent uniformity can be
obtained according to the examples of the invention. It was
also confirmed that the conductive LNSO film deposited
using the insulating LNSO target material exhibited excel-
lent properties including excellent crystal orientation, sur-
face morphology, and uniformity. It was also confirmed that
an excellent conductive LNSO film can be obtained using
the insulating LNSO target material according to the
examples even in an argon atmosphere which does not
contain oxygen.

5. Device

[0135] A device according to one embodiment of the
invention includes a base and the conductive complex oxide
film according to the invention formed above the base. The
device according to one embodiment of the invention
includes a part including the conductive complex oxide film
according to the invention and an electronic instrument
including the part. Examples of the device according to the
invention are described below.

[0136] 5.1. Semiconductor Device

[0137] A semiconductor device including the conductive
complex oxide film according to the invention is described
below. This embodiment illustrates an example of a ferro-
electric memory device including a ferroelectric capacitor
which is an example of the semiconductor device.

[0138] FIGS. 15A and 15B are views schematically show-
ing a ferroelectric memory device 1000 in which the con-
ductive complex oxide film according to the invention is
used as an electrode. FIG. 15A shows the planar shape of the
ferroelectric memory device 1000, and FIG. 15B shows the
cross section along the line I-I in FIG. 15A.

[0139] As shown in FIG. 15A, the ferroelectric memory
device 1000 includes a memory cell array 200 and a periph-
eral circuit section 300. The memory cell array 200 and the
peripheral circuit section 300 are formed in different layers.
The peripheral circuit section 300 is disposed on a semi-
conductor substrate 400 in a region differing from the
memory cell array 200. As specific examples of the periph-
eral circuit section 300, a Y gate, sense amplifier, input/
output buffer, X address decoder, Y address decoder, or
address buffer can be given.

[0140] In the memory cell array 200, row-select lower
electrodes 210 (wordlines) and column-select upper elec-
trodes 220 (bitlines) are arranged to intersect. The lower
electrodes 210 and the upper electrodes 220 are formed in
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the shape of stripes formed of linear signal electrodes. The
signal electrodes may be formed so that the lower electrode
210 serves as the bitline and the upper electrode 220 serves
as the wordline.

[0141] As shown in FIG. 15B, a ferroelectric film 215 is
disposed between the lower electrodes 210 and the upper
electrodes 220. In the memory cell array 200, a memory cell
which functions as a ferroelectric capacitor 230 is formed in
the region in which the lower electrode 210 and the upper
electrode 220 intersect. At least either the lower electrode
210 or the upper electrode 220 is a film formed using the
conductive complex oxide film according to the invention.
The lower electrode 210 and the upper electrode 220 may be
single layers of the conductive complex oxide film accord-
ing to the invention, or may have a stacked structure
including the conductive complex oxide film according to
the invention and another conductive film. A known barrier
film may be formed between a first interlayer dielectric 420
and the lower electrode 210. The ferroelectric film 215 may
be disposed between the lower electrode 210 and the upper
electrode 220 at least in the region in which the lower
electrode 210 and the upper electrode 220 intersect.

[0142] In the ferroelectric memory device 1000, a second
interlayer dielectric 430 is formed to cover the lower elec-
trode 210, the ferroelectric film 215, and the upper electrode
220. An insulating protective layer 440 is formed on the
second interlayer dielectric 430 so that interconnect layers
450 and 460 are covered with the protective layer 440.

[0143] As shown in FIG. 15A, the peripheral circuit
section 300 includes various circuits for selectively writing
or reading information into or from the memory cell array
200. For example, the peripheral circuit section 300 includes
a first driver circuit 310 for selectively controlling the lower
electrode 210, a second driver circuit 320 for selectively
controlling the upper electrode 220, and a signal detection
circuit (not shown) such as a sense amplifier.

[0144] As shown in FIG. 15B, the peripheral circuit sec-
tion 300 includes a MOS transistor 330 formed on the
semiconductor substrate 400. The MOS transistor 330
includes a gate insulating film 332, a gate electrode 334, and
source/drain regions 336. The MOS transistors 330 are
isolated by an element isolation region 410. The first inter-
layer dielectric 420 is formed on the semiconductor sub-
strate 400 on which the MOS transistor 330 is formed. The
peripheral circuit section 300 is electrically connected with
the memory cell array 200 through an interconnect layer 51.

[0145] An example of write and read operations of the
ferroelectric memory device 1000 is described below.

[0146] In the read operation, a read voltage is applied to
the capacitor in the selected memory cell. This also serves as
the write operation of “0”. At this time, a current flowing
through the selected bitline or a potential when causing the
bitline to be in a high impedance state is read by using a
sense amplifier. A specific voltage is applied to the capaci-
tors of the unselected memory cells in order to prevent
occurrence of crosstalk during reading.

[0147] Inthe write operation of “1”, a write voltage which
causes a polarization reversal is applied to the capacitor in
the selected memory cell. In the write operation of “0”, a
write voltage which does not cause a polarization reversal is
applied to the capacitor in the selected memory cell to hold
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the “0” state written during the read operation. A specific
voltage is applied to the capacitors in the unselected memory
cells in order to prevent occurrence of crosstalk during
writing.

[0148] In the ferroelectric memory device 1000, the fer-
roelectric capacitor 230 includes the ferroelectric film 215
which can be crystallized at a low temperature. Therefore,
the ferroelectric memory device 1000 can be manufactured
without causing deterioration of the MOS transistor 330
making up the peripheral circuit section 300 and the like.
Since the ferroelectric capacitor 230 has excellent hysteresis
characteristics, a highly reliable ferroelectric memory device
1000 can be provided.

[0149] FIG. 16 is a structural diagram of a ITIC ferroelec-
tric memory device 500 as another example of the semicon-
ductor device. FIG. 17 is an equivalent circuit diagram of the
ferroelectric memory device 500.

[0150] As shown in FIG. 16, the ferroelectric memory
device 500 is a memory device having a structure similar to
that of a DRAM, and includes a capacitor 504 (1C) includ-
ing a lower electrode 501, an upper electrode 502 connected
with a plate line, and a ferroelectric film 503 according to the
above-described embodiment, and a switch transistor ele-
ment 507 (1T) including source/drain electrodes, one of
which is connected with a data line 505, and a gate electrode
506 connected with a wordline. In this example, at least
either the lower electrode 501 or the upper electrode 502 is
a film formed using the conductive complex oxide film
according to the invention in the same manner as in the
example shown in FIGS. 15A and 15B. In the 1T1C
memory, data can be written and read at a speed as high as
100 ns or less, and the written data does not volatilize.
Therefore, the 1T1C memory is a promising memory which
may replace an SRAM or the like.

[0151] The semiconductor device according to this
embodiment is not limited to the above-described semicon-
ductor devices. The semiconductor device according to this
embodiment may also be applied to a 2T2C ferroelectric
memory device and the like.

[0152] 5.2. Piezoelectric Device

[0153] An example in which the conductive complex
oxide film according to the invention is applied to a piezo-
electric device is described below.

[0154] FIG. 18 is a cross-sectional view showing a piezo-
electric device 1 including the conductive complex oxide
film according to the invention. The piezoelectric device 1
includes a substrate 2, a lower electrode 3 formed on the
substrate 2, a piezoelectric film 4 formed on the lower
electrode 3, and an upper electrode 5 formed on the piezo-
electric film 4. At least either the lower electrode 3 or the
upper electrode 5 is a film formed using the conductive
complex oxide film according to the invention. The lower
electrode 3 and the upper electrode 5 may be single layers
of the conductive complex oxide film according to the
invention, or may have a stacked structure including the
conductive complex oxide film according to the invention
and another conductive film.

[0155] As the substrate 2, a silicon substrate may be used.
In this embodiment, a (110)-oriented single crystal silicon
substrate is used as the substrate 2. A (100)-oriented single
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crystal silicon substrate or a (111)-oriented single crystal
silicon substrate may also be used as the substrate 2. In
addition, a substrate obtained by forming an amorphous
silicon oxide film such as a thermal oxide film or a natural
oxide film on the surface of a silicon substrate may also be
used as the substrate 2. The substrate 2 is processed so that
ink cavities 521 are formed in an inkjet recording head 50 as
described later (see FIG. 19).

[0156] The lower electrode 3 is an electrode for applying
a voltage to the piezoelectric film 4. The lower electrode 3
may be formed to have the same planar shape as the
piezoelectric film 4, for example. When two or more piezo-
electric devices 1 are formed in the inkjet recording head 50
described later (see FIG. 19), the lower electrode 3 may be
formed to function as a common electrode for the piezo-
electric devices 1. The lower electrode 3 is formed to have
a thickness of about 100 to 200 nm, for example.

[0157] 5.3. Inkjet Recording Head

[0158] An inkjet recording head in which the above-
described piezoelectric device functions as a piezoelectric
actuator, and an inkjet printer including the inkjet recording
head are described below. FIG. 19 is a side cross-sectional
view showing a schematic configuration of the inkjet record-
ing head according to this embodiment, and FIG. 20 is an
exploded perspective view of the inkjet recording head
which is illustrated in a vertically reversed state. FIG. 21
shows an inkjet printer 700 including the inkjet recording
head according to this embodiment.

[0159] As shown in FIG. 19, the inkjet recording head 50
includes a head body (base) 57 and a piezoelectric section 54
formed over the head body 57. The piezoelectric device 1
shown in FIG. 18 is provided in the piezoelectric section 54.
The piezoelectric device 1 is formed by stacking the lower
electrode 3, the piezoelectric film (ferroelectric film) 4, and
the upper electrode 5 in that order. In the inkjet recording
head, the piezoelectric section 54 functions as a piezoelectric
actuator.

[0160] The inkjet recording head 50 includes a nozzle
plate 51, an ink chamber substrate 52, an elastic film 55, and
the piezoelectric section 54 bonded to the elastic film 55.
These components are accommodated in a housing 56. The

inkjet recording head 50 forms an on-demand type piezo jet
head.

[0161] The nozzle plate 51 is formed of a stainless steel
rolled plate or the like, in which a number of nozzles 511 for
discharging ink droplets are formed in a row. The pitch
between the nozzles 511 is appropriately determined
depending on the printing precision.

[0162] The ink chamber substrate 52 is attached to
(secured on) the nozzle plate 51. In the ink chamber sub-
strate 52, cavities (ink cavities) 521, a reservoir 523, and
supply ports 524 are partitioned by the nozzle plate 51, a side
wall (partition wall) 522, and the elastic film 55. The
reservoir 523 temporarily stores ink supplied from an ink
cartridge (not shown). The ink is supplied to each cavity 521
from the reservoir 523 through the supply ports 524.

[0163] As shown in FIGS. 19 and 20, the cavity 521 is
disposed corresponding to the nozzle 511. The volume of the
cavity 521 can be changed by vibration of the elastic film 55.
The cavity 521 is configured to discharge the ink as a result
of a change in volume.
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[0164] A (110)-oriented single crystal silicon substrate is
used as the base material for the ink chamber substrate 52.
Since the (110)-oriented single crystal silicon substrate is
suitable for anisotropic etching, the ink chamber substrate
52 can be easily and reliably formed. The single crystal
silicon substrate is used so that the surface on which the
elastic film 55 is formed is the (110) plane.

[0165] The elastic film 55 is disposed on the ink chamber
substrate 52 on the side opposite to the nozzle plate 51. The
piezoelectric sections 54 are disposed on the elastic film 55
on the side opposite to the ink chamber substrate 52. As
shown in FIG. 20, a communication hole 531 is formed
through the elastic film 55 in the thickness direction at a
specific position of the elastic film 55. The ink is supplied to
the reservoir 523 from the ink cartridge through the com-
munication hole 531.

[0166] The piezoelectric section is electrically connected
with a piezoelectric device driver circuit (not shown) and is
actuated (vibrate or deformed) based on a signal from the
piezoelectric device driver circuit. Specifically, the piezo-
electric section 54 functions as a vibration source (head
actuator). The elastic film 55 vibrates due to vibration
(deflection) of the piezoelectric section 54, and functions to
momentarily increase the pressure inside the cavity 521.

[0167] An example of the inkjet recording head which
discharges ink is described above. However, this embodi-
ment aims at a liquid jet head using a piezoelectric device
and a liquid jet device in general. As the liquid jet head, a
recording head used for an image recording device such as
a printer, a color material jet head used to manufacture a
color filter for a liquid crystal display or the like, an
electrode material jet head used to form an electrode of an
organic EL display, a field emission display (FED), or the
like, a bio-organic substance jet head used to manufacture a
bio-chip, and the like can be given.

[0168] 5.4. Surface Acoustic Wave Device

[0169] An example of a surface acoustic wave device to
which the conductive complex oxide film according to the
invention is applied is described below with reference to the
drawings. FIG. 22 is a cross-sectional view schematically
showing a surface acoustic wave device 300 according to
this embodiment.

[0170] The surface acoustic wave device 300 includes a
substrate 11, a piezoelectric film 12 formed on the substrate
11, and interdigital transducers (hereinafter called “IDT
electrodes™) 18 and 19 formed on the piezoelectric film 12.
The IDT electrodes 18 and 19 have a specific pattern. The
IDT electrodes 18 and 19 are formed using the conductive
complex oxide film according to the invention.

[0171] The surface acoustic wave device 300 according to
this embodiment is formed as described below using the
conductive complex oxide film according to the invention,
for example.

[0172] The conductive complex oxide film according to
the invention is formed on the piezoelectric film 12 shown
in FIG. 22 by RF sputtering using the insulating target
material according to the invention. The IDT electrodes 18
and 19 are formed on the piezoelectric film 12 by patterning
the conductive complex oxide film using a known lithogra-
phy technology and etching technology.
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[0173] 5.5 Frequency Filter

[0174] An example of a frequency filter to which the
conductive complex oxide film according to the invention is
applied is described below with reference to the drawings.
FIG. 23 is a view schematically showing the frequency filter
according to this embodiment.

[0175] As shown in FIG. 23, the frequency filter includes
a base 140. As the base 140, a laminate similar to that of the
above-described surface acoustic wave device 300 may be
used (see FIG. 22).

[0176] IDT electrodes 141 and 142 are formed on the
upper side of the base 140. Sound absorbing sections 143
and 144 are formed on the upper side of the base 140 so that
the IDT electrodes 141 and 142 are positioned between the
sound absorbing sections 143 and 144. The sound absorbing
sections 143 and 144 absorb surface acoustic waves propa-
gated on the surface of the base 140. A high-frequency signal
source 145 is connected with the IDT electrode 141, and
signal lines are connected with the IDT electrode 142. The
IDT electrodes 141 and 142 may be formed using the
conductive complex oxide film according to the invention.

[0177] The operation of the frequency filter is described
below.

[0178] Inthe above-described configuration, when a high-
frequency signal is output from the high-frequency signal
source 145, the high-frequency signal is applied to the IDT
electrode 141, whereby surface acoustic waves occur on the
upper side of the base 140. The surface acoustic waves
propagated from the IDT electrode 141 toward the sound
absorbing section 143 are absorbed by the sound absorbing
section 143. However, the surface acoustic waves propa-
gated toward the IDT electrode 142 and having a specific
frequency determined by the pitch of the IDT electrode 142
or the like or having a frequency in a specific band are
converted into electric signals, and supplied to terminals
146a and 1465 through the signal lines. Most of the fre-
quency components other than the specific frequency or the
frequency in the specific band are absorbed by the sound
absorbing section 144 through the IDT electrode 142. There-
fore, it is possible to obtain (filter) only surface acoustic
waves having the specific frequency or the frequency in the
specific band from the electric signals supplied to the IDT
electrode 141 of the frequency filter according to this
embodiment.

[0179] 5.6. Oscillator

[0180] An example of an oscillator to which the conduc-
tive complex oxide film according to the invention is applied
is described below with reference to the drawings. FIG. 24
is a view schematically showing the oscillator according to
this embodiment.

[0181] As shown in FIG. 24, the oscillator includes a base
150. As the base 150, a laminate (see FIG. 22) similar to that
of the above-described surface acoustic wave device 300
may be used.

[0182] An IDT electrode 151 is formed on the upper side
of the base 150, and IDT electrodes 152 and 153 are formed
so that the IDT electrode 151 is positioned between the IDT
electrodes 152 and 153. A high-frequency signal source 154
is connected with a comb-shaped electrode 1514 forming the
IDT electrode 151, and a signal line is connected with the
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other comb-shaped electrode 1515. The IDT electrode 151
corresponds to an electrode for applying an electric signal,
and the IDT electrodes 152 and 153 correspond to electrodes
for causing a specific frequency component or a frequency
component in a specific band of surface acoustic waves
generated by the IDT electrode 151 to resonate. The IDT
electrodes 151, 152, and 153 may be formed using the
conductive complex oxide film according to the invention.

[0183] The operation of the oscillator is described below.

[0184] Inthe above-described configuration, when a high-
frequency signal is output from the high-frequency signal
source 154, the high-frequency signal is applied to the
comb-shaped electrode 151a of the IDT electrode 151,
whereby surface acoustic waves propagated toward the IDT
electrode 152 and surface acoustic waves propagated toward
the IDT electrode 153 are generated on the upper side of the
base 150. The surface acoustic waves having a specific
frequency component are reflected by the IDT electrodes
152 and 153 so that stationary waves occur between the IDT
electrodes 152 and 153. The surface acoustic waves having
a specific frequency component are repeatedly reflected by
the IDT electrodes 152 and 153, whereby a specific fre-
quency component or a frequency component in a specific
band resonates to increase the amplitude. A part of the
surface acoustic waves having the specific frequency com-
ponent or the frequency component in the specific band is
removed through the comb-shaped electrode 1515 of the
IDT electrode 151, whereby electric signals having a fre-
quency corresponding to the resonant frequency of the IDT
electrodes 152 and 153 (or frequency having a certain band)
can be supplied to terminals 1554 and 15565.

[0185] FIGS. 25 and 26 are views schematically showing
an example in which the above-described oscillator is
applied to a voltage controlled SAW oscillator (VCSO).
FIG. 25 is a side perspective view, and FIG. 26 is a top
perspective view.

[0186] The VCSO is provided in a housing 60 made of a
metal (aluminum or stainless steel). An integrated circuit
(IC) 62 and an oscillator 63 are provided on a substrate 61.
In this case, the IC 62 is an oscillating circuit which controls
the frequency applied to the oscillator 63 corresponding to
the voltage value input from an external circuit (not shown).

[0187] In the oscillator 63, IDT electrodes 65a to 65¢ are
formed on a base 64. The configuration of the oscillator 63
is substantially the same as the configuration of the oscillator
shown in FIG. 24. As the base 64, a laminate similar to that
of the oscillator shown in FIG. 24 may be used. The IDT
electrodes 65a to 65¢ may be formed using the conductive
complex oxide film according to the invention.

[0188] An interconnect 66 for electrically connecting the
1C 62 with the oscillator 63 is patterned on the substrate 61.
The IC 62 and the interconnect 66 are connected through a
wire 67 such as a gold wire, and the oscillator 63 and the
interconnect 66 are connected through a wire 68 such as a
gold wire. This allows the IC 62 and the oscillator 63 to be
electrically connected through the interconnect 66.

[0189] The VCSO shown in FIGS. 25 and 26 is used as a
voltage controlled oscillator (VCO) of a PLL circuit shown
in FIG. 27, for example. FIG. 27 is a block diagram showing
a basic configuration of the PLL circuit. The PLL circuit
includes a phase comparator 71, a low-pass filter 72, an
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amplifier 73, and a VCO 74. The phase comparator 71
compares the phase (or frequency) of a signal input through
an input terminal 70 with the phase (or frequency) of a signal
output from the VCO 74, and generates an error voltage
signal of which the value is set corresponding to the differ-
ence. The low-pass filter 72 allows only a low-frequency
component at a position of the error voltage signal output
from the phase comparator 71 to pass therethrough. The
amplifier 73 amplifies the signal output from the low-pass
filter 72. The VCO 74 is an oscillating circuit of which the
oscillation frequency continuously changes within a certain
range corresponding to the input voltage value.

[0190] The PLL circuit having such a configuration oper-
ates so that the difference between the phase (or frequency)
of the signal input through the input terminal 70 and the
phase (or frequency) of the signal output from the VCO 74
is decreased, and synchronizes the frequency of the signal
output from the VCO 74 with the frequency of the signal
input through the input terminal 70. When the frequency of
the signal output from the VCO 74 has been synchronized
with the frequency of the signal input through the input
terminal 70, the PLL circuit outputs a signal which coincides
with the signal input through the input terminal 70 excluding
a specific phase difference and follows a change in the input
signal.

[0191] As described above, the frequency filter and the
oscillator according to this embodiment include the surface
acoustic wave device according to the invention having a
high electromechanical coupling factor. Therefore, this
embodiment allows a reduction in the size of the frequency
filter and the oscillator.

[0192] 5.7. First Electronic Instrument

[0193] A first example of an electronic circuit and an
electronic instrument to which the invention is applied is
described below with reference to the drawings. FIG. 28 is
a block diagram showing the electrical configuration of an
electronic instrument according to this embodiment. The
electronic instrument is a portable telephone, for example.

[0194] An electronic instrument 300 includes an elec-
tronic circuit 310, a transmitter 80, a receiver 91, an input
section 94, a display section 95, and an antenna section 86.
The electronic circuit 310 includes a transmission signal
processing circuit 81, a transmission mixer 82, a transmis-
sion filter 83, a transmission power amplifier 84, a trans-
mission and reception branching filter 85, a low-noise
amplifier 87, a reception filter 88, a reception mixer 89, a
reception signal processing circuit 90, a frequency synthe-
sizer 92, and a control circuit 93.

[0195] In the electronic circuit 310, the frequency filter
shown in FIG. 23 may be used as the transmission filter 83
and the reception filter 88. The frequency to be filtered
(frequency allowed to pass) is individually set for the
transmission filter 83 and the reception filter 88 correspond-
ing to the necessary frequency of the signal output from the
transmission mixer 82 and the frequency necessary for the
reception mixer 89. As the VCO 74 of the PLL circuit (see
FIG. 27) provided in the frequency synthesizer 92, the
oscillator shown in FIG. 24 or the VCSO shown in FIGS. 25
and 26 may be used.

[0196] The transmitter 80 is realized by a microphone
which converts a sound wave signal into an electric signal,
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for example. The transmission signal processing circuit 81 is
a circuit which performs processing such as D/A conversion
or modulation for an electric signal output from the trans-
mitter 80. The transmission mixer 82 mixes the signal output
from the transmission signal processing circuit 81 by using
the signal output from the frequency synthesizer 92. The
transmission filter 83 allows only a signal having a fre-
quency for which an intermediate frequency (hereinafter
abbreviated as “IF”) is necessary to pass therethrough, and
removes a signal having an unnecessary frequency. The
signal output from the transmission filter 83 is converted
into an RF signal by a conversion circuit (not shown). The
transmission power amplifier 84 amplifies electric power of
the RF signal output from the transmission filter 83, and
outputs it to the transmission and reception branching filter
85.

[0197] The transmission and reception branching filter 85
outputs the RF signal output from the transmission power
amplifier 84 to the antenna section 86, and transmits the RF
signal from the antenna section 86 as radio waves. The
transmission and reception branching filter 85 branches a
signal received by the antenna section 86, and outputs the
resulting signal to the low-noise amplifier 87. The low-noise
amplifier 87 amplifies the signal received from the trans-
mission and reception branching filter 85. The signal output
from the low-noise amplifier 87 is converted into an IF by
a conversion circuit (not shown).

[0198] The reception filter 88 allows only a signal having
a frequency for which an IF converted by the conversion
circuit (not shown) is necessary to pass therethrough, and
removes a signal having an necessary frequency. The recep-
tion mixer 89 mixes the signal output from the reception
filter 88 by using the signal output from the frequency
synthesizer 92. The reception signal processing circuit 90 is
a circuit which performs processing such as A/D conversion
or demodulation for the signal output from the reception
mixer 89. The receiver 91 is realized by a small speaker
which converts electric signals into sound waves, for
example.

[0199] The frequency synthesizer 92 is a circuit which
generates a signal supplied to the transmission mixer 82 and
a signal supplied to the reception mixer 89. The frequency
synthesizer 92 includes a PLL circuit, and generates a signal
by dividing the frequency of a signal output from the PLL
circuit. The control circuit 93 controls the transmission
signal processing circuit 81, the reception signal processing
circuit 90, the frequency synthesizer 92, the input section 94,
and the display section 95. The display section 95 displays
the state of the instrument to the user of the portable
telephone, for example. The input section 94 allows the user
of the portable telephone to input instructions, for example.

[0200] 5.8. Second Electronic Instrument

[0201] A second example of an electronic circuit and an
electronic instrument to which the invention is applied is
described below with reference to the drawings. In this
embodiment, a reader/writer 2000 and a communication
system 3000 using the reader/writer 2000 are described as an
example of the electronic instrument. FIG. 29 is a view
showing the communication system 3000 using the reader/
writer 2000 according to this embodiment, and FIG. 30 is a
schematic block diagram of the communication system 3000
shown in FIG. 29.
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[0202] As shown in FIG. 29, the communication system
3000 includes the reader/writer 2000 and a contactless
information medium 2200. The reader/writer 2000 transmits
or receives radio waves W (hereinafter may be called
“carrier”) having a carrier frequency f, to or from the
contactless information medium 2200, and communicates
with the contactless information medium 2200 using wire-
less communication. The carrier frequency f, of the radio
wave W may be a carrier frequency in an arbitrary frequency
band. As shown in FIGS. 29 and 30, the reader/writer 2000
includes a main body 2105, an antenna section 2110 posi-
tioned on the upper side of the main body 2105, a control
interface section 2120 provided in the main body 2105, and
apower supply circuit 172. The antenna section 2110 and the
control interface section 2120 are electrically connected
through a cable 2180. The reader/writer 2000 is connected
with an external host device (e.g. processing device) through
the control interface section 2120 (not shown).

[0203] The antenna section 2110 has the function of
transmitting and receiving information to and from the
contactless information medium 2200. As shown in FIG. 29,
the antenna section 2110 has a specific communication area
(area indicated by the dotted line). The antenna section 2110
includes a loop antenna 112 and a matching circuit 114.

[0204] The control interface section 2120 includes a trans-
mission section 161, a damped oscillation cancellation sec-
tion (hereinafter called “cancellation section”) 140, a recep-
tion section 168, and a controller 160.

[0205] The transmission section 161 modulates data trans-
mitted from an external device (not shown), and transmits
the modulated data to the loop antenna 112. The transmis-
sion section 161 includes an oscillation circuit 162, a modu-
lation circuit 163, and a driver circuit 164. The oscillation
circuit 162 is a circuit for generating a carrier having a
specific frequency. The oscillation circuit 162 is generally
formed using a quartz oscillator or the like. The communi-
cation frequency and the detection sensitivity can be
increased by using the oscillator according to the invention.
The modulation circuit 163 is a circuit which modulates the
carrier according to information provided. The driver circuit
164 receives the modulated carrier and amplifies electric
power to drive the antenna section 2110.

[0206] The cancellation section 165 has the function of
reducing the damped oscillation caused by the loop antenna
112 of the antenna section 2110 along with turning the
carrier ON/OFF. The cancellation section 165 includes a
logic circuit 166 and a cancellation circuit 167.

[0207] The reception section 168 includes a detection
section 169 and a demodulator circuit 170. The reception
section 168 restores a signal transmitted from the contactless
information medium 2200. The detection section 169 detects
a change in current which flows through the loop antenna
112, for example. The demodulator circuit 170 is a circuit
which demodulates the change detected by the detection
section 169.

[0208] The controller 160 acquires information from the
demodulated signal and transfers the information to the
external device. The power supply circuit 172 receives
power from the outside, arbitrarily performs voltage con-
version, and supplies necessary power to each circuit. A
built-in cell may be used as the power supply.
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[0209] The contactless information medium 2200 commu-
nicates with the reader/writer 2000 using electromagnetic
waves (radio waves). As examples of the contactless infor-
mation medium 2200, a contactless IC tag, a contactless IC
card, and the like can be given.

[0210] The operation of the communication system 3000
using the reader/writer 2000 according to this embodiment
is described below. When data is transferred to the contact-
less information medium 2200 from the reader/writer 2000,
data from the external device (not shown) is processed by
the controller 160 of the reader/writer 2000, and transmitted
to the transmission section 161. In the transmission section
161, a high-frequency signal having a specific amplitude is
supplied as the carrier from the oscillation circuit 162. The
carrier is modulated by the modulation circuit 163 so that the
modulated high-frequency signal is output. The modulated
high-frequency signal output from the modulation circuit
163 is supplied to the antenna section 2110 through the
driver circuit 164. The cancellation section 165 generates a
specific pulse signal in synchronization with the OFF timing
of the modulated high-frequency signal to contribute to a
reduction in the damped oscillation in the loop antenna 112.

[0211] In the contactless information medium 2200, the
modulated high-frequency signal is supplied to the receiver
circuit 180 through the antenna section 186. The modulated
high-frequency signal is also supplied to the power supply
circuit 182 so that a specific power supply voltage necessary
for each section of the contactless information medium 2200
is generated. The data output from the receiver circuit 180 is
demodulated and supplied to the logic control circuit 184.
The logic control circuit 184 operates based on the output
from a clock 183. The logic control circuit 184 processes the
supplied data and writes specific data into a memory 185.

[0212] When data is transferred to the reader/writer 2000
from the contactless information medium 2200, an unmodu-
lated high-frequency signal having a specific amplitude is
output from the modulation circuit 163 of the reader/writer
2000. The high-frequency signal is transferred to the con-
tactless information medium 2200 through the driver circuit
164 and the loop antenna 112 of the antenna section 2110.

[0213] In the contactless information medium 2200, the
data read from the memory 185 is processed by the logic
control circuit 184 and supplied to the transmission circuit
181. In the transmission circuit 181, the switch is turned
ON/OFF depending on the “1” or “0” bit of the data.

[0214] In the reader/writer 2000, the load of the loop
antenna 112 of the antenna section 2110 changes when the
switch of the transmission circuit 181 is turned ON/OFF.
Therefore, the amplitude of the high frequency current
which flows through the loop antenna 112 changes. Specifi-
cally, the amplitude of the high frequency current is modu-
lated by the data supplied from the contactless information
medium 2200. The high frequency current is detected by the
detection section 169 of the reception section 168 and
demodulated by the demodulator circuit 170 to obtain data.
The data is processed by the controller 160 and transmitted
to the external device or the like.

[0215] Although only some embodiments of the invention
have been described in detail above, those skilled in the art
would readily appreciate that many modifications are pos-
sible in the embodiments without materially departing from
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the novel teachings and advantages of the invention. For
example, the frequency filter and the oscillator according to
the invention may be respectively applied to a broadband
filter and a VCO in a UWB system, portable telephone,
wireless LAN, and the like.

[0216] In the above-described embodiments, the commu-
nication system using the portable telephone and the reader/
writer is described as an example of the device, and the
electronic circuit provided in the portable telephone and the
reader/writer is described as an example of the electronic
circuit. However, the invention is not limited thereto. The
invention may be applied to various mobile communication
instruments and electronic circuits provided therein. For
example, the invention may also be applied to communica-
tion instruments used in a stationary state such as a tuner
which receives broadcast satellite (BS) broadcasts and elec-
tronic circuits provided therein, and devices such as a HUB
using an optical signal propagated through an optical cable
and electronic circuits provided therein.

[0217] The invention is not limited to the above-described
embodiments, and various modifications can be made. For
example, the invention includes various other configurations
substantially the same as the configurations described in the
embodiments (in function, method and result, or in objective
and result, for example). The invention also includes a
configuration in which an unsubstantial portion in the
described embodiments is replaced. The invention also
includes a configuration having the same effects as the
configurations described in the embodiments, or a configu-
ration able to achieve the same objective. Further, the
invention includes a configuration in which a publicly
known technique is added to the configurations in the
embodiments.

[0218] Although only some embodiments of the invention
have been described in detail above, those skilled in the art
will readily appreciate that many modifications are possible
in the embodiments without departing from the novel teach-
ings and advantages of this invention. Accordingly, all such
modifications are intended to be included within the scope of
this invention.

What is claimed is:

1. An insulating target material for obtaining a conductive
complex oxide film represented by a general formula ABO,,
the insulating target material comprising:

an oxide of an element A;
an oxide of an element B; and

at least one of an Si compound and a Ge compound.
2. The insulating target material as defined in claim 1,

wherein the element A is at least one element selected
from La, Ca, Sr, Mn, Ba, and Re.
3. The insulating target material as defined in claim 1,

wherein the element B is at least one element selected
from Ti, V, Sr, Cr, Fe, Co, Ni, Cu, Ru, Ir, Pb, and Nd.
4. The insulating target material as defined in claim 1,

wherein the Si compound and the Ge compound are
oxides.
5. The insulating target material as defined in claim 1,
further comprising an Nb compound.



US 2007/0040243 Al

6. The insulating target material as defined in claim 1,

wherein the element A is La, and the element B is Ni.

7. A method of manufacturing an insulating target mate-
rial for obtaining a conductive complex oxide film repre-
sented by a general formula ABO,, the method comprising:

mixing an oxide of an element A and an oxide of an
element B, heat-treating the resulting mixed powder,
and pulverizing the resulting product to obtain a first
powder;

mixing the first powder and a solution including at least
one of an Si raw material and a Ge raw material, and
collecting the resulting powder to obtain a second
powder;

heat-treating the second powder and pulverizing the
resulting product to obtain a third powder; and

heat-treating the third powder.
8. The method of manufacturing an insulating target
material as defined in claim 7,

wherein the solution includes at least one of the Si raw
material and the Ge raw material in an amount of 2 to
10 mol %.
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9. The method of manufacturing an insulating target
material as defined in claim 7,

wherein the mixed powder is heat-treated at 900 to 1000°
C.

10. The method of manufacturing an insulating target
material as defined in claim 7,

wherein the second powder is heat-treated at 900 to 1000°
C.

11. The method of manufacturing an insulating target
material as defined in claim 7, wherein the third powder is
heat-treated at 1000 to 1500° C.

12. A conductive complex oxide film, being formed by RF
sputtering method using the insulating target material as
defined in claim 1.

13. An insulating target material, comprising:
an oxide of a first element;
an oxide of a second element; and

at least one of an Si compound and a Ge compound.



