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Abstract

Abstract

CaCu;Ti4042 giant dielectric constant material has attracted much attention
because of its great importance in device miniaturization and the potential application
for high-capacity capacitors. In the present thesis, the origin of dielectric relaxation
and the giant dielectric response for CaCu3TisOp2 ceramics were systematically
investigated, and the modification of dielectric properties was also carried out.

In order to explore the physical mechanism and structural origin for the unusual
dielectric responses in CaCu3Ti402 ceramics, the dielectric relaxations at low and
high temperatures as well as the giant dielectric constant step were investigated by
using broadband dielectric spectrometer, X-ray photoelectron spectroscopy and
ultrasonic attenuation measurements. The Debye-like dielectric relaxations in low and
high temperature ranges were both thermal activated process. The high-temperatrue
dielectric relaxation could be suppressed by O,-annealing which was suggested to the
results of defects. while the low-temperature dielectric relaxation was not affected by
0,-annealing which was induced by mixed-valent structure of Cu*/Cu** and Ti*"/Ti*".
Moreover, the giant dielectric constant step was resulted from the competing balance
of the low and high temperature relaxations and the giant dielectric constant step
could be modified by optimizing the competing balance between the two dielectric
relaxations.

Determining the effect of invariable-valent element substitution for the
variable-valent element (Cu or Ti) on the dielectric properties should be helpful in
deepening the understanding of the giant dielectric response in CaCu;3TisO;; ceramics.
The effects of Zn-substitution on the giant dielectric response in CaCuszTi4O42
ceramics were investigated, and Ca(Cu;.x<Zny)3TisO1; (x=0, 0.05, 0.1) ceramics were
obtained by solid-state reaction. As the content of Zn-substitution increased, the
dielectric constant increased together with the obvious increase of Ti>* content. The
enhanced giant dielectric response should be primarily caused by the increase of Ti’*
ions and the modification of such mixed-valent structure.

Investigation of Mg-substitution for Cu was also performed to confirm the
results in the Zn-substituted system. As supposed, the giant dielectric response was
significantly enhanced by Mg-substitution. The results of X-ray photoelectron
spectroscopy analysis confirmed again that the enhanced giant dielectric response

primarily originated from the corresponding modification of mixed-valent structure
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caused by the obvious increase of Ti** content.

The enhanced dielectric response caused by the increase of Ti°* content in the
Mg or Zn substituted systems indicated that the variable-valent Ti element should be
the primary factor affecting the giant dielectric constant in CaCu;3TisOy, ceramics.
Therefore, the effects of invariable-valent Sn substitution for Ti on the dielectric
properties were investigated. The dielectric constant of CaCus(Ti;xSny)4O12 (x=0,
0.05, 0.1) ceramics decreased with increasing Sn substitution content. The decrease of
Ti** content should be the dominating factor for the depressed dielectric properties.

Modification of dielectric properties for CaCu3TisOy; ceramics by introducing
low loss SrTiO3; phase was investigated. The dielectric constant of
(1-x)CaCu3Ti;012-xSrTiO; (x=0.2, 0.4, 0.6, 0.8) composite ceramics decreased with
increasing SrTiO; content, which fitted well with Lichtenecker’s logarithmic law. As x
increasing, the dielectric loss increased first, and then rapidly decreased. The
dielectric loss was 0.06 for x=0.8 which was much smaller than that for x=0
(tan6=0.16). The temperature dependence of dielectric constant enhanced with

increasing content of SrTiOs.

Keywords: CaCu;TisOq. giant dielectric constant ceramics, dielectric properties,

microstructure, mixed-valent structure
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Fig. 1.1 Dispersion of dielectric properties with varied frequency ).
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Fig. 1.2 Relaxation rule.
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Fig. 1.3 Representations of &’ £”. tand as function of frequency
for a solid with single relaxation Debye mode.

B 1.3 BEMKE R BALH 4 Debye R F e, &7, tand GHEH X ZH.

"W AR KA, T ikMtans FARABRAME. tand R AEAP AR X F" R K
AR R, XREANERBRAMA, & MR E G BAE RERAD
Pioltans REHFH AR T A BRAME. EBAK (0r» 1), RBRLEER



Hig

fempr, BABERAL TS BRI, oA Fa FHFAARNRAN,
# Debye R (1.14)P # £ or, 173
Bugg+gﬁ+ww=%@—%f (1.16)
FROAIBH —AFEE G R WE 14 T, ERUSHBERE, U HRALER
T, XM EHFARA Cole - Cole H.

0 €a €.+ €0 €,
2

Fig. 1.4 Cole-Cole plot.
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Fig. 1.5 Defect-induced relaxation.
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Fig. 1.6 Double-barrier quantum well relaxation model.
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Fig. 1.7 Dielectric loss versus frequency in dielectrics:

a) Loss due to electric conduction, b) Loss due to slow polarization
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TiY'. Zi". Sn" %, wAURTHHINEHA =, ZRENBTHRELARK.
REMV PN EERGLEZEALLE (TIO,) ME, MERAHHE, Bk
1.2 FioR.

ESREE L83 LN Rt o TR A

TABLE 1.1 Other typical low dielectric constant ceramics and their properties

Materials & tand/10* (1MHz)
KRR B 6.1 7

EEE 5.7 80
HHEE 6.4 2
96AL0;" 9.7 3
99.5BeO” 6.8 2

AIN 8.8 5~10

'96: 4iE 96%
F12 HEHRAGFAEERE BRI B gD

TABLE 1.2 Other typical medium dielectric constant ceramics and their properties

Materials o tand/107
MgTiOs 12~15 1~3
BaTi O 36~40 1~3
TiO, 80~100 2~4
SrTi0; 200-300 1~9
CaTiO; 130~150 1~6

@) BAREHEE XEABEHET 1000 HGEMH. BEMEERE
HEENRBALA RS, BNALEAEEEATTRARGAHRETE. B
RE R AR BAOCT U THEMAERD, BEANLESE, WEELHS.
RSt E R, BAARBNESRAEEER, W) ZHEA TR
RGBHENTE. REEHEN 0 RE L EEAKBBaTIO; LR A Uk
PR AR APORG R WL,

e 4 VL 2 0 LR U AR A W B A v R B KN T A R
RTHEX (WE 1.8 fiz), —ARBEAMEACEEMERE, IXMREM
Wk BEAEAR A 10<6'<500, |A£|<5%, 107<tans<10”, Ag’ &7 7o EREE

R, RABERIERE R TR APy
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&ik

T T T v
=

- ceramic capacitors .‘..;t* m
104 at 1 kHz E '-M
4 ® 220K ® i
o 22-‘-” k. 3 3
= 260 K _2 =
B A 80K = i m
W 300K -;'E_zsu YV E 1]

YSR’ X?ﬂ

i +001§n i high dielectric 7]
p ¢ Capacitor
w 10° .g

Fig. 1.8 Dielectric properties of some famous capacitor materials. Dotted rectangles represent
roughly classified categories of dielectric materials'"*).

A 1.8 —LEEEABHH MK

&13 —LHELEBHRERE AR KT LERY
TABLE 1.3 Dielectric constant changes Temperature ranges for several capacitor

materials.
Blacode 1TPTMNCTE 0
X5R -55~+85 t15
X7R -55~+125 +15
Z5U -10~+85 -56~+22
Y5V -30~+85 -82~+22
Ag' = (g} —£5)/ €5, x100[%)] (1.23)

Hobe, e ABERTARENT F 20°CHAEER. CaTiO; Yy BE LR

EUARMBNEERX. P XREFEERIMNENEEREENHE, B
#EERTFIUHS (EIA) 5%, ¥HER L2 HXSR, XTR, ZSURMYSVA
%, whgENMa SRk 13 FEP.

132 EABEHEEHF AR
EwiELEFRIY, RFATAENEEHEER % EAKBaTIO; B HE
MR R 2 1.9 B R 19, 4k 5 3h B 4k W b B PbAE 4 45T fwPb(Z1, Ti)O;3-

13



AN L e TR S

Pb(Mg;sNby3)03-PbTiOs( 2 B 1.10 7 % V&), 4BaTiO; 7 )8 BB 120°C M
HEFEEGMEEHR, @5 E B CaTiOs, BaZrO; §)K K, #
EEBESEER, FERKARKLEERAE. HEgebBEEAAHE
Hkw -HeHEREMIOM B R TERER - MRERN L, B
e 250K AR E R RAFARE, BRAGEF KBS ER T X E ML
B, AENEEREBEHNER HEARFREEAEGMNEEYOIEE
RBERBENEAREGENRLE.

WER, RS HEGERBBRERGTHEEM L ERAHENAMNS
R, FREMER HAEXHINRERETFRET 10°R 1IC0HELR. A
MBAIARLA, 5EREHHXANBESMHEFENRE ], EHMEH
EEEHEEHRE FMaxwell-WagnerZ i, XX EAMBBETH LI E, A
WE/ReM. 2RB/EE. 2RBIREMELEMBLP), Pecharroman% i &
TNi-BaTiO; £ B4 & & Y18 E A &% $(~80000), X %} BaTiO; & A& %
W 201E. Dang% G e REMPNIKESMHEFEBFR T XMUMwEH>L
BRIXLESHAENEIBRHEREARTH - FHAREE, LpHETY
ZREEH, REBAETHHEERTEAMBN R ERNRAE.

—LEMMRETREEFAREN ——F R UR BN RER, 1
EARBHANEER. AROZHAR, EXRARATHREBTIONRERILY R
L H9BaTiO; BEE T AMLAE, FEGRELGUNEERECEEEMT A
BaTiO; M & # KB AMANA L ERET, ExfFE T %8, ThiitsE4
FRAKE. ki, XTRASHEE, L. TBLNOEENAMBEHTE 10°
KERDY), X2 HTLIABATANIHENTHR LSOO RN, ATESR
SEMBEEMRT HEE. LingRE WL, AlSZENIOK &4 LA E A
BEH. ERXXBMENNEFREEREHARHE—IRE.

B 2000 40Uk, —BFHRAEMREHAMHEIRAFFORAXE,
EERBBERS, B CaCwsTisOn L& 4P, Ba XRELELT HHA
Ba(Fe12Mi2)O3 (M= Nb, Ta, Sb)P??1. ERE4b4 RFe;04 (R = Lu, Er) 5 lfus +
BBRHVIE, UM HAAEUNAANERERAR, LOEMEEROKHz T,
10100k R AL ERRERERE, EREABF, CaCuTuOp & WH
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MR, EWRAER, NTHEMFRNRES RS, BWHATRA
JTRERIE.

Ba,,La,Ti1.xs0s

100 kHz

§ 8§

.

g

0 - U

-200 -150 -100 -50 0 50 160 150 200
Temperature I°C

Fig. 1.9 Permittivity of La-doped BaTiOs as a function of La content.
B 1.9 La¥ #BaTiO; M/ ¥ B MiLad B85 R 1b.

180 200 25 300 350 400
™™

Fig. 1.10 Temperature dependences of the real and imaginary parts of the relative dielectric
permittivity measured at different frequencies in a crystal of the prototypical relaxor
Pb(Mg1sNb24)Os. Enlarged view in the insert shows the universal relaxor dispersion (URD).

B 1.10 3B % B APO(MgsNbys)Os FE S TN E R L8RS g M B E N T k.
BMAGFEB SR T EEMBREK.
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BT A1 2 it

1.3.3 CaCu;TisOp, E M E HE %

HFENAMLERURBREAN L ERRERER IR REDTBHN
M R B &, BT CaCusTisOrp #3458 A- e Mk Al 3L 3 B Y B 25 % Y
RE. WA L1 Piw, B 2000 400k, XF CaCusTisOrp E A% HA R85 X
FEHAF, BEHREK, 2000 FASCIFRUF THL SO MY XE, WEXEN
SR, ML ST CaCusTiaOp EMB MM BT T Z T RN
%%IB-MS]"

70 |

50 |-
40t
30|

20

Amount of Papers

10

0
1999 2000 2001 2002 20032 2004 2005 2008 2007 2008 2009
Year

Fig. 1.11 Amounts of paper related to CaCusTi,O; in different years
H 1.11 X CaCusTisOy; E Ao % $MH X & # & .

Fig. 1.12 Structure of CaCu;TisO1,, showing tilted TiOs octahedral in pink and CuQ, square
planes in blue. Yellow, purple, red, blue atoms are O, Ca, Cu and Ti, respectively. Dashed
lines indicate 40-atom primitive cell of CaCu;Ti,04,.

A 1.12 CaCusTifO\, dARSH T EE. BE0HNTRE Tiog \NTEK, EEHFENAE CuO,
W HFE. O,Ca, Cu, Ti RFRHAHG. K. 46, BEXT. BREATFHEL O
B F 8 CaCusTisOy, S .
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[RAEH] BLEEHIH X HEATH b F A L% 5 CaCusTisOr By R
S m BRI, CaCusTisOn AL I E 112 TR, ARG IH %
4k5 (ABO;) &4, REHAIM3. EA CaCusTiOp BEH T4 40 NEF.
Hep CRFHUT EWH AR, THENTERPOME, BARY 12; C®
RFLFERPHOHECLE, CHEETFESUA O A, Ti"5 O 4 K TiOs
NEER, —DNEEPENNRTEEENEAL TiOos NEK, BKREWER
*W, HEE%EABaTIO XM RE: CaCuTiOnFETFEEAN A EF
R KBENER., YREEY X, Ti-0 #R2BHM, NTHE TiOs/\ T
RPRAEER, IEERAGREHNAREAE-—ZRELTURSE
CaCwsTi O MEWEN B EHNERE. B, BT C™'WHHFHEEMNLEH
F18 TIOs \NHERKAEHE, WH T Ti-0 i, HW CaCusTiOnHEAE
EBRS LGB GTHEN T ANENA L ERAF ARG KA.

[/ & 1 Homes %19 % % CaCusTisOn W E MM 94T T 047, B
L1387 THENE N 20 Hz 1 MHz 2 8] CaCusTisOn B & At BL I B
B LA, YIBE N 250 K B, CaCusTisOp B9/ B84 10°~10° K B4,
E-—RFETARERARFONEEREH. LBRERE 100K #, CaCu;TiyOr,
HAEEREB TR, BEI1CHER. MEERNBEEMERIENIE LR F
BoR AR A, FIREEREEAEAE ma GRS, B 114 B
BEZBE A 10 K #7250 K Z 8 CaCusTisOp B & AN ¥ B L B MR FE 9 E M
. MEREHEN, NMEERRBTHREXALARAAERER, IHEX
CaCusTisOp, BAF M B X A BN ERT, REFRDAH#TT
MHTRENGFRIF LB W T A5 R,
1.3.4 CaCu3TisOq; E AWK Bi By 2 3

CaCusTiOp HH AN EREREWERE. HELERNTER 10 KEXR,
YEEMKT 100 KEAH, EAEFEHRAERE. ATHITA 35~100 KJE
CaCusTisOp, TR AT HBEH RV T, AEERLKAREHLEMNE
WHELRE, MR -ERFPOABRGIFTEN, X—HE545EEETRS.
ERERD, B FE TG EEERASEEAREEN, FURKAFEERT
AEEBRRE. MCaCusTiOp HEMBREMMR T BALHSTHPH. T
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WL RF T F AR

FCaCusTi,Op AN R AN NBRE, FART L TRANSL.

A1055.. T

Dissipation factor
&~ ]

N

Temperature (K)

Fig. 1.13 Temperature dependence of the real part of dielectric constant and dissipation factor
at different frequencies for a single crystal CaCu;Ti 0. (44]

B 1.13 CaCu;TisOy, # & TR i 3 T A3 MR 30 R A 4R L I 08 1 7 4619,

10%|

10k
g
o
10°:
102k N
C. Adadbdddtd i dasnssd s tasinil A dd A s0ial. At 2 adiaail]
10! 102 108 104 10° 108

Frequency (Hz)

Fig. 1.14 Frequency dependence of the real part of dielectric constant at different Temperature for
a single crystal CaCu;7Ti;O,. (4]

Bl 1.14 CaCusTisOnp % 5 TR B T A 3 R 30 A v SR M 0 2 iy 2 141,
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[(BREVABHA]Y EpEXFEAN, 2R mEELNERT
UBARAHAEEYL. HEETUARRELZBEMEA (Grain Boundary
Layered Capacitor) R %, WHRAN FERAMBRL T URLARAN B ERK,
WA TEAREMBEREZ Y, B—HEREAHNH. ESAEFERAT,
mEANBHEEET. BX URZXAUBRIIBETHEE G A miEs, &
FoHARRXRHBEHERE, BXRERMAAINCEHE TR, B 115
EXRTRRECABNEELY, TR REEWERFTAZERKFEAN
B, THREREEZBEBERARBNERNRCEE. C\ R GRRAHEK
A, BAHERAEE., IMEGHIMEEHOLHRERTUA
Maxwell-Wagner/A &, & 7 1491500,

grain / grain
G G,
'
— 1+ “H -
R, R,

Fig. 1.15 Typical model and equivalent circuit of grain boundary Layer capacitor

W15 BREBEBEA b

2
(@) = T, +7, T+,

= , 1.24
Co(R +R)(1+ &%) (1.24)

_1-0’17, +0’1(1, +1,)

= 2 (1.25)
Cy(R,+ R,)(1+&’c’)

£ ()

TR +7,R
¥4 ,=RC, 7,=RC, t=%o

WRAXEBFESLET OGN E K. 0, AR 124 F0 125 T
#A A

e

- 1 -
g(w)=¢, P f = £(@)= (&, £, )oT

. 1.26
1+o’r oCy(R+R) 1+0°7 (1.26)

# BLK B Maxwell-Wagner/A X, 3 B4 W, % 31 5€ 28 A 41 & 49 & L foDebye it B
(R 1L14) 5 —#, BAAEERHEZRRNFE R0 E BB ER TR
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BRI A2 AR

R, BEERIQF AL ERAEBERENEAAETULERMNR S
Maxwell-WagnerfiDebye#ti % 17 4 . 20 1.16 fi &, #EDebye AR ¥, % 0—0 B,
£’=0, RMEMWITH F e~ wo,

—— Maxwell-Wagner

8,’

10 0 Ty 10
Frequency (Hz)

Fig. 1.16 Form of the imaginary permittivity response expected from
both Maxwell-Wagner and Debye models. 11501

B 1.16 Maxwell-Wagner #o Debye # & & /b, % $UE 20 2 Iﬂ:“”‘

BAER<<Ry, XTHEREELABRERMARJTHAEREATHAK
TEERAR,
g=¢gt/t, (1.27)

Hbn. b ARE. BRORE, s AIRRHAEER. GRONMBERS R
¥t KM, B s =200, f; = 50um, £, = 0.2um, B kX Tt 15 2le” = 50000.
BRAR(20TUF R B TFHRAAEAERENALERRE T 250 1.
HEARDAKE LXHETE A BEA X CaCusTigO, MEHE N E
WARBEIAT T . & P Subramanian®™ VBt 5 A AT E B XM ATRAT X
B, CaCusTifOp 2 G ARAZEEH, TR ATANAREHNEEARARE
thEmExhAREA, ANTYHEEEEBAMEG ARG T A, Sinclair
& 15983 7 34 CaCusTisOp I EH A B E ST B H b FEH IR NE R, F¥
B g% 5 R B S 4E. Lunkenheimer®f 1 4 3 — $ 45 V6, ¢
BEEREAHRENRNEREREMCERGEE. AU LRARER TR,
CaCusTisOr HEFHABLLERRATAENBERNEIERE, XEARS
L2EXBEITOHEEETHRR, 25 PHERE. ANESL BT RAERLFA
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BREER, XATRRBETHRAFT, B AR BHUCaCwTiiOn £ & &
Mg RAEERNAEE R, B2 ALunkenheimers iy LR L EHHE T H ¥
mA % @ CaCwTiOp M HH ¥ LGN LR M BERTH, REA TR
RPLEARENIRENERARY, BHLTERBONERORALAE
P ESRNAELE, BRMEHE R i Maxwell-WagnertR 445 8 o7 PAMR 5 33 & 3F
ZERAR, ERGZATHNYEEX. AR LT TUFEERERRES 2
B AR A B A AN, BRETARA LR AR R E .

)
g PR TP,
50 100 150
FREQUENCY (cm~')
Fig. 1.17 (A) The temperature dependence of the real part of the optical conductivity oi(@) of
CaCusTi Oy, from 20 to 180 cm™ .Inset shows the optical conductivity at 12 and 295 K over a
wide frequency. (B) The real part of the dielectric constant of CaCu;Ti;O;, in the far-infrared
region for various temperatures. Inset shows the temperature dependence of the low-frequency
value for the real part of dielectric constant."*]
B 1.17 (A) 5% % 20~180 cm™ 2 [7] CaCusTiOp KR R EBEBEH X F. HWERBK
21240295 K Mot SEBEHEN. (B) CaCusTiyOp A H 3 L7 A B S8 T o0 5038
B, FERERATALERIHSREN. R,

[AMEHLH ) FFEk, REFEFRFEULEX FCaCusTis0, BHEMANEATH
B R BB, RS HARENFAEE. HomesE 2 CaCusTis0y K T
HAF LA (wE 1.17), 3% HEHIR 3 F VA1 B T CaCus TiOp B K 4
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AT K F W b e 3

B AN, EASAET, KERNCERAL N 80, @/ THACH ot oy E
(~10%), X—EZRBFHEATHFEERANBR TR ROGRKITY, &

> 1400 - { \
2 el Z N
=
5
B 1300 -
‘m ' i A -y ) E— i A A
-10 8 6 -4 -Z B I 4 & 3 10
Electric Field (kV/cm)

Fig.1.18 Typical (a) <140> and (b) <130> zone axis EDPs of CaCu;Ti,O),. (c)Dependence of the
dielectric constant of CaCusTi;Oy, under bias electric field at 35°C (at 10 kHz)."?

Hl 1.18 CaCusTiyOy B FAT4F A% (a) <140>HI(b) <130> Jrfil, (c)CaCusTisOy A H. %
35°C. 10 kHz TRtk B .47 69 4 b &7,

0.8 T 1
5 1100°C/5h ' l !
E =195 Vien M
F o2 Pﬂli'mpﬁu'nz g :
G} (B |1 !
§ 0.0 = e
3 L Lo
0.4
06 g g 1
800 -800 -400 -200 [ 200 400 600 BOO
Field (Viem)

FIO. ). P-E hysteresis loop for CaCuyTiyOpy ceramics sintered al
1100 *C/5 h.

Fig. 1.19 P-E hysteresis loop for CaCu;Ti4O, ceramics sintered at 1100°C/5h.!"™)
A 1.19 £ 1100°C %% 5 /i85 CaCusTidOy, 1% 8 P-E w g &1,

TR TR T A AR REM R T LA LB TRBEBAT 1% ERE
B, S kEZRBECICHTILO, % E A ¥ o B oy RMEH 4] 2 — 7.
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ol 118 Fo 119 fiw, ERFIAEEFE LKL F A EFERE TTO A&
B4 4% 7= A b LA 40 ) 5T DU B CaCusTigOpp P E M B KARAL KA J6 25 & o —
B XRETIE RSB HER T L AHFHS 5 Ry, REWang AR N
HRR AL F BRI, CaCusTigOn, KB B ¥ KR 5 BB SRR 00 KA
FEIHX, IABTTRURMTOARRSE M. ZhEARXTE—H#
BEitF oy BXAERUEHE RS, 8 ECaCusTisOr F Ca/Cuft KR
B LT R AKRE L2 RE M E k=4,
KSR AT RS AEBRET CaCusTi O PRISHE MBI, 5
BERENBATHOWERFHAT A, AT XEERMHZ A ET L
FEHGRRBTRE, AEAFTH-FENAHEK.

1.4 FAHRBEHATAE

BB E BRI R AR A B2 A B0 N fo k¥ o N A L.
WAAERT CENLE. L5ME, —LENELEEMBOEELEREETR
BIMA. EREMEIWHENMREBMHE, CaCwsTiuOn BMRAHT R Z A
EEBRARENMLHEBAARANRE. BAT S HHFHRTAERER KL
PLH B AE T CaCusTiOn M A A B, HIZENLERARES
TIXENER, ERGEELRPEN. X TFEA UG ERRGARES
F#—FRN. WA -FHE, PEEBASHHENR, NERABEA, BHE
REBEMLERAF N, wTBK CaCusTisO), M % 09 A s B 3T T 2 LB B A
AEEENEX.

KRN EFRZ, R CaCusTLOn M B A E A By N B o 5
PR, BEABEWEATEHSHMENEAELENECREE, HEERFHEEAEE
BHEHMEAERRZ. TEFRARA:

1) CaCusTisOn, MEEN R BER 5 ENM B AN AER;

2) Ca(Cuidy)sTiOp MBI 4. EMNHAKS (4=Zn , Mg);

3) CaCusTigOy2 E A1 BB AL (CaCus(TiinBx)sOn AN . EA
BN (B=Sn)) ;

4) BEREBEBH. BifEEE A BB (1-x)CaCu;Tis01-xSrTiO; H #
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CaCu;Ti,0,, P BEAT IR 5 5 A e R A2 U

2 CaCusTi 0, Pﬂ%ﬁ'ﬁ%&—% Eﬁ@-ﬂﬁl Fﬁﬁzﬁ

21 Ws

KT EHE CaCuyTuOn MR UXEMBER MR FHBER TR T2
FARREREZHXE. CaCusTi O, HPHAFRBHLBENELRP: YiBE
BfEZ 100K £ 8, CaCusTuOn AR ER LB TE, B 10'BAE 10 KE
R, BEAKIBFLEMMELRE. BW, & CaCusTiOp MEHHRETELET
ERBHREENLHMMENCEHNRE. Cof—FHREE, ERENHE
HEBREEZBHEARER T CaCusTisOn A T AA KR, BFEExT
B KA CaCus TiOpp B F AT T AW E MM HTHRBE, EhiESHE
ERAEETES. GHAEPUERAFEAMEE KRB CaCusTiOr, B E At
WM, EXERENFHNRENTIEEEH - S HHE.

E B, AMTAIE Ba £ 4 4545 M E 4l &0 Ba(Feindin)0s (4 =Nb, Ta). B
KA RFe04 (R=Lu, Er) £ H 42 BY CaCusTisOp X B HEE A
AN, FESHEMBE—EHBEREAZIELUNE M KN, XKH
AT B AR FE T —HHLH.

R, RRKEEADE 300K UT, 5T &8 K8 b A by o 4
Akl HLTREFIAECEH AN EA R FRENEM CaCusTi,Op A
HNENERBURBEREIMAFEFEEHE .

BEd, ZFHNAFBEAN BN HFET CaCusTiOr, M EHA B2,
HEE X FERETRIEEIN FRAIE A8k p b e i o B AR
HAT T EAHH.

2.2 RARELARK

221 EREHEE

R B AR B sk & CaCusTisOr B4, BT R R th 4 fo ik ) K fwk 2.1
i, RECFHEEARUCHAGRELHNER, AR LERE# S, Y 20,
Ak (RINEH, O3mm) AMRAE LB TFAFIRE 24 Mo, RHETHT.
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HHLKE G L EArie s

W (120 8) B, BREAVEHREP, £ 1273K. FAFHE 3 MHEE
HASRNARBEEN. BRENBREBAKE. BTE, WwAY 5~8wi%
WR S (PVA) KBERENRER, HAH (40 8) BH. £ 98MPa 14
EATHBRAESRERN 12mm. BERAK 2mm HREHER, HEEp
$HFE SBKHFRE 24 e, EHENLBHEL, K52 Em#EAK, £ 1298K
1398 K R AP #ATHBE. £ 1298 K. 1398 K T4 3 DAHE CaCusTisOr2
% BB B Bl CCTO1298. CCTO1398 k<. BARAZEEHEHRL. £
5K/min FEEA R, REZADHEULEEEY ERLH. AR S HEAN
HERATH, A BIESE NTBK AT TRAARLE(REHER 6 M),

% 2.1 #4 CaCusTi,0p, & BT R B FEH
TABLE 2.1 Raw materials for preparing CaCu;Ti;O,; ceramics

2F R o F EFK
CaCOs 99.99% P EEFRETEAR
CuO 99% T
TiO, 99.5% | BRIV EATEFHREMR
MgO’ 99.9% B % & B FRA A RA
Zn0O’ 99.95% RiEZAERAATI
SnO," 99.5% EHAERLFERNFRAF
SrCO;" 99.9% i E A A F
RAREE A GRS,

222 HAK. BEKEH. HEH

FIRBEK X 4474 (XRD) 2ATHAEMA K. KA, ERADHAS
VA BB R . 8 X S 4T R (D/max 2550 PC, Rigaku Co., Tokyo,
Japan) #o CuKa %8 419B 4 10~130° 85 20 SR WK, $KK 0.02°, &5
REBERFEN 18, PFrETEREER IR Jade 5.0 &ML, SATHA
R E S 53, 447 FULLPROF #4T Rietveld 3 XRD 2 ## 4. X
AIEERNERERREE. HEEVREN L TXEHAMDLRE T, Ak
*RAUEEEG LARMCENER O E5EE 1, MATHE, ARTXIHAR
EHERE mo, R p=d my/nd’t KEBBWEREE. AAFEHLREES
EAEENLERR.

KEERBEATATHREME, ARFRFERE, ELRSEEEMKI23KH
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CaCu;Tiy0,, BRI R 5 E A N AR 3

BETHTRESAE. RASRRU AR R BB RBE, £ PRE
30 A EREAN, BITEEARBEREES &, 2K L2L4ANE, &
LEWIBEERSER. AHEH ST B8 (SEM, JSM-5610LV, JEOL, Tokyo,
Japan) # 3 H B EFREBERE, FHREEXTABRAEH.

AR X gateTakdE (XpS) ot a nEibenZil. AXa, £HD
HWASKAERAER AR, AXE T %M (XPS, PHI-S000C ESCA, Perkin
Elmer, USA) #f% X #& X e Tk, MAKLEAER, &E 140 kv, ThFE
250 W, KZEE®T 1x10® Torr. &A% E RBD 45 # RBD147 $ R % £
AugerScan3.21 3 k2451 K 4 5 # 0~1200 (1000) eV 2K (#BaEH 93.9
eV) , RERGETEFM AP ETHE (FAEN 235 eV K 4695 eV) , ¥
Kl XPSPeakd.1 k4 #4T HH04F
2.2.3 L. Sl MR RO RO

¥ CaCusTi O MEH R ESMDHATRERE. Wk, REARLLTX
HARAERY, HESBKT. ZAKKPAE30 04, HEREK. FAXE
B A2 H7 X (Turnkey Concept 50, Novocontrol Technologies, Germany)7E
123~623 K & 1 Hz~10 MHz 978 & 3 36 B 9 A & ey A et . 903k 9 A
BEFRBERSEREHEHEA A 2.1 fir., AR 21 THEEMKEL N EE,

r

C;" = _I_w? i Cedge -Cs (21)

e, CoATATEREAMKFRNBE, Cupe® CcHEREFHLLLE S
REHBE.

Sample
Mounting Screw Z
Isolation r »
.Housing Screw
e (D) 9 B airs

. Disposable Electrodes
-Sample Material
“Lower Cell Electrode

@ ®)
Fig. 2.1 Sample holder and the equivalent circuit diagram of the broadband dielectric
spectrometer.
2.1 RREFAMA LML FEEHPMKFRERA.




T N S-S

¥ CaCwsTi;0, MEMFREERNZE 0.5 mm A6, HH—EHBR+
KANEHBBIR, B—EE AR LR/ 0.1 mm HFEIHR ARG R ENR L
4 . A 4 %, 414X ( Premierll, Radiant Technologies, Inc., NM ) il & CaCu;3Ti 0y
M % 72 % IR Fo i IR B 6 W A B 4K

WHEE 4 4 mm B9 CaCusTi O B AF 5o, R 16 M #9 LiNbO; # it 2
£ Matec 45 09 % M F T Esk AUW-100 (Matec Instrument Companies,
Northborough, MA) A 248 7 F AT A #HATH .

23 SRER5 i’
231 MAREWMEH

80.0k - Y.h (a) 100.0k Y\....
— Y o \’
y [ v wl . 80.0k -
g 60.0k - g A
~ i Brage position gﬁﬂ‘ﬂk Brage position

80 " 120 o _60 8 _ 100
20(degree)

0 ze(ﬁegree
Fig. 2.2 Powder X-ray diffraction data for CaCu;Ti4O; ceramics sintered at (2)1298 K and
(b)1398 K. Circles are collected data, solid lines are fitted. Differences between observed and
calculated intensities are shown below. Vertical marks indicate calculated peak positions.
B 2.2 CaCu;TisO), £ # & XRD $438, K% B4 5 (2)1298 K Fu(b)1398 K. [HH
AP, ZEABEER, MEMITHBENZEETARKT. BEERITHATH
A E.

thermal etched CaCusTi;O,; ceramics sintered at (a) 1298 K and
(b)1398 K
B 2.3 CaCu;Ti,O, B # B MR T H A . REIBE A (a) 1298 K (b)1398 K.

L

Fig. 2.3 SEM micrographs of

28
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CaCu;Tis0r, MR B EE M AN MRE

B 2.2 41 T CaCusTisOr M2 75 1298 K Fu 1398 K 58 25 # & iy MM 48 43 4 XRD
FLiERAENESER. NEF Th, & 1298 K B 4B B M I CaCusTisOpn 4%
EIBBKBEEHRESHIEHCO M, XTHR I THENRSITHSY
23240 R

B 2.3 47 1298 K F0 1398 K $245 CaCuwsTisOn ML R E AT R E
B H. CCTO1298 MEWRRERTE 1~3 um EEK (HXFEDT 90%),
CCTO1398 M &M BB R+ KA K 20 ~30 ym (HAFEEAT 96% ). RERE
BEBHTEMBRTHAARATHERRTHEE. BF CCTO1298 HEE
ERE, FFUEZEHRY, REGRLARELMG4, HAR CCTOI1398 ME
&AL,

232 NEBBREENEHEBEHRE

B 2.4 full 2.5 8 h 7 1298 K. 1398 K B 45849 CaCusTisOy, 19 %5 F M
ETHALER SN B RAGELEE. BA CCTO1298 HiA 8% Kz F
CCTO1398, fE CCTO1298 5 CCTO1398 F & XN mBAK. HHHER
ERERERN (123~623K) HATAMEBR. KENMLHREEK AL 123~250
KEEA, YAKEESTEMRABER AL EHEREA (b 1078 F 10°
BER), MENBERSETRE, PREMABREREN, A REEEEHE
W ETA S BN EHBE 4 350~600K Z i, RIAHLREEHNMRLER
W, EARBHGREY, BRTE SR GRS, F AREENLEHEE
FE N E Ry BB, TELAAEEREGENBBRATITE.
RN EHRK]

Prakash % Al @ik CaCusTLOn MENEME L, #E CaCusTuO, HE
B E TETHENMNRTIBETREPOHABBENEEXFAERAN X
oy, MIKREANKEHERTANCDRNEIERE. AWBIHAEH T
Hh, KEMEBRBLAR, CaCuTiOn MERFEMAEHEE, HFHEH
E&FTRHAFRERATI 404 AAERAHM B ERE X NKEKRNE
7 B & VRt ) 4k AT FE A R BB 4 B T 489 CaCusTiyOnz
Mg &Rk R ST . B 2.6 7 CCTO1398 M BB wE &. wEH
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Fig. 2.4 Temperature dependence of dielectric constant and dielectric loss at different
frequencies for CaCu3Ti,Oy; ceramics sintered at 1298 K
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Fig. 2.5 Temperature dependence of dielectric constant and dielectric loss at different
frequencies for CaCu;Ti;0,; ceramics sintered at 1398 K
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Fig. 2.6 P-E obtained at various temperature of CaCu;Ti;O,; ceramics sintered at 1398 K
(100 Hz).
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Fig. 2.7 P-E curves of CaCu;TisO;; ceramics sintered at 1298 K at (a) room temperature and (b)
123 K (100 Hz).
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W 2.7(a), (B)FFF, EB T, CCTO1298 o HE LW ME ik, MWKxZE
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Fig. 2.8 Frequency dependence of real part (a) and imaginary part (b) of dielectric constant and
dielectric loss (c) at different temperatures lower than 200 K for as-sintered CaCu;Ti;O, ceramics.
In (a), the solid symbols are experimental data the solid lines represent the calculated value by
assuming a Debye model. The solid lines in (b) and (c) are experimental data.
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Fig. 2.9 Temperature dependence of the relaxation time and its coefficient of distribution.
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Fig. 2.10 (a) Temperature dependence of imaginary part of dielectric constant at different
frequencies for as-sintered CaCu3TiyO;; ceramics. (b) Frequency dependence of the peak
temperature of imaginary dielectric constant for low-temperature dielectric relaxation in
as-sintered CaCu;TiyOy, ceramics. The hollow squares are experimental data and the line is the

Arrhenius fitting.
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WL A L EAR X

ATEENBERAEEN LB BOWERT, #HMAXT CCTO1398 &
HENAEBBESRBABENXFZ. H28 4B TKET CaCusTisOn MEM
HRERE G T ML, TUEE, AEAGH, MRERAHIRLAEEHRA
TWe, T2 A8 308 35 Ao A o 3R FE A 3 0 7 Akl o 3 S B0 B A A v
W, YHBRET I KkHz HFE T 1 MHz, AEEHERAL —2MEREs, B
FTRBENNACEREEZLETES. NEFTHERENEALTHEES Debye
AR H#THAE:

& =¢-ie"=¢g_+(g,—£,)/[1 + (i) "] 22

B, o ABANBER, e ARBRAZTHNLER, o XTFTARE, 1XkF
FHBBRHE, X FBBHEANREEE. B3 XQ2)MMN B B ZHIER
FERAAE#TNE, TURITFTRBE THTHMENE, FHBEREX
HRHBEMEBENEN. WH 29 FiF. afff 0.066~0.092 HEAZL, a
BB 0, KRPAMA A Debye MBMA. MEBENAR, oA 10us B ZE
0.94ps. ¥ ot (a] FE 38 JE B9 K 4k Xk R B Arrhenius € f£:

T=1,exp(E,/kT) 2.3)

A, ok FREBETHREME, EARTE, cAFRLEREHR. B3X
QAN LHBKEFHMETE, E,=963meV, 5=2.409x10"s,

MEEREHHEBENELETUEFM B RGRGRAERME. wE2.10
B, MeEBEMEEAENEAXZFEN Arrhenius EH#:

f = f,exp(E,, /kT) (2.4)

A, fo RFHAERE, Eq HBRER, k ARRLZZEHR. S3BETUHEE
E; =102 meV, fo=943x10'Hz. BRUBRTUE Y, XFAMMUEFTEHRBT
BN EHERORBFERE, BRFERENEAERAMN. BF, ABRABFET
PA&H 47 3 U AR B AR AL AL

—BHRFEH AN CaCusTUO MENKEN L RBRBERREFTRES
AW FERNEEFER. R, RERLAREERS, XRTPREHHXR
T AR AL B9 BE B KR 0.57~0.82eV FEE Z H, £ 4w SrTiOs, BaTiO; F4K A4
B RBEAREERA 076V, X5 CaCusTiOp BN B BKZWHRER (44
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CaCu;Ti, 0, EN BB S EN RN MER

0.1eV) MZR A, #H, RERACEAERKFALAGET, EHZAT 1 KHz HE
WA R, 24 025 TR, SUHER 1 MHz i, CaCusTisOr2 8B 1%
BUARBBRKEIEELAEZRE, UARERANATELELRR

CaCws;TisOp, M B RIBEE A B K.

* 22 AARANEENEREALZAEA R B Arrenhnivs B EER PR ELEH.

Table 2.2 The fitting parameter for low-temperature relaxation and crystal structure.

Materials Temperature(K)  E,(eV) fo(Hz) Space group
CaCusTisOr2 123~250 0.102 ~10’ 3
LuFe;04 150~300 0.290 ~10" R3m
ErFe;04 100~300 0.25 ~10°8 R3m
Ba(Fe;nNb;2)03 200~300 0.183 ~107 Pm3m
Ba(Fe,,Ta;2)03 100~400 0.179 ~10’ Pm3m

Photoemission intensity
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Fig. 2.11 XPS spectra of (a) Ti 2p regions and (b) Cu 2p regions of CaCu;Ti,0,, ceramics
B 2.11 CaCu;Tis0,; B% Ti (a)# Cu(b) 2p 3By XPS E .

13 BN R, Ba 14 4454K9 M ¥ Ba(FeinA )03 (4 = Nb, Ta). BREA AL
Y RFe;04(R=Lu, ED%#42 H 3 E CaCusTisO, A XK EBEA LR, FH
BB E B LBELR, wk 22. ARPTUEY, XSHHRORTRE
MR (0 < E;< 03eV), BAEFEE 10" E 10V HELZH., REXRKHE,
LuFe,04, ErFe,0; fu Ba(FeinMin)0s (M=Nb. Ta)% 4 & Fe BT M RBM &
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H (Fe?*/Fe™ ), Fe*'fu F ' it RABARF X e fr SR B = AR A 5
BEERE. & CaCusTO, ML F, WFEZ XN BT (Cu BT T EF),
B Cu'/Cu’ fu /T BN M TRESRMEN B RBORE. B3 X #
& ETFaiE (XPS) M CaCusTLOp & Ti fo Cu BFH AN R.
B 2.11 4% 7 CaCusTisOn % Tifo Cu BF 2p fEAH XPS Eig., B
Gaussian-Lorentzian # &#4, Ti f1 Cu & T 2ps, W R A FH AN, EE T Cu’
BT BFNAEL. LB N 2psn 9 TV, T, Cu? o Cu™ &S B0 H 4582,
457.2, 933.6 f1931.8eV. T /Ti* o Cu'/ CO' WA F & £ R X HRAT,
HERLFHEREEREARRARE, ATEEEXAERBENMERE
B, Bk, 2FUESF, TLOAN CaCusTiOn M EHKEN BB HT
EGHABFER TC /T fo Cu'/Cu B EHPT S RN,
REXBBEARZRARARBAKKZTEH. HRPAEHFE. AXHH
BFERBEHRR T CaCusTisOp AP AN FRIEBBHETAF R,
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Fig. 2.12 (a) Temperature dependence of ultrasonic attenuation a (dB/cm) and relative ultrasonic
velocity V for CaCu;Ti4Oy; ceramics at 8.7 MHz.(b) Temperature dependence of ultrasonic
attenuation a (dB/cm) at 8.7 MHz and 13 MHz. (c) Temperature dependence of dielectric
properties at 10 MHz.

B 2.12 CaCuwsTisO1, MEM @B FRB A K 5 AEFRE 8.7 MHz iR % HE; (0) FEH
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B 2.12@%1H 7 140K Z300K BEREN, XK 8.7 MHz B F R B %
BEMFEEREGTMRE, TUESR, £ 220K MITRHZ KL g,
TAENEETHE., YHERWAE 13 MHz B (0 21200077 ), TR %04
MEERFEB, RAEBENRFREME. 5HE 2.12)F HEH 10 MHz A
Wi h, RRAKERAGBERTAE TFAERBRERTHMLE. B
Wix — & BA TETiY fu Cu'/Cu® BN St b oy A 3R 13 748,

[FHEMEHE]

10° 10°

w10
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fHz)

Fig. 2.13 Frequency dependence of dielectric constant peak in high temperature dielectric
relaxation of CaCu;Ti;O;; ceramics

A 2.13 CaCusTifO); MEB BN L BB B HREEEME AR

£ 5 8 X (350~600K ), CaCusTisOy, M & B9 A BL & 304 Kb B dk bt
BB REBEE. MEEREERARNRAWE 213 ix. EHAT, AMd
EREHEEFAENE AL GRS, BTAKET IS5 YHEXT 4kHz
B, MR RN LR EERE A AR GRS A%, BB EM Debye AR
PEBREN B ERIHBEREG T, TUGALEBE THHERFE, B&
B E] R KB B 2.1400)FT R . BERENA R, oEE 021~0.28 il
ZEEN, THEMN 320 ps BAE 665 ps. RBHFEAMEBEN T XZER
Arthenius Ef# (X 2.3). @R X ZHTYUETHBIE# E.=0.515eV, $H1E
EHHE =127x10"s. EHEHAAMERBEEHB AN FRBEIH X,
HATERHMBEREGRNEHEAWESRRT, EAHRT CaCuTiOp LN E T
B, BH 215 28T CaCwTiOn MEHN XA FF o MIBE ZEAE.
CaCu;TiOn BB B R AT 107 (S/em), R ESUMBHE SRR, #
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Fig. 2.14 (a) Frequency dependence of dielectric constant at different temperatures for as-sintered

CaCu;TiyOy; ceramics. The solid lines represent the calculated value,

assuming a Debye model.

(b) Temperature dependence of the relaxation time and its coefficient of distribution. The solid

squares are experimental data and the straight line is the Arrhenius fitting.
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Fig. 2.15 Temperature dependence of real part of ac conductivity at different frequencies for

as-sintered CaCu;Ti,Oy; ceramics.
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M SME, 7T LR B CaCusTiO, M EH B H 7 ouc.

B 2.16(b)% ) T ouc MR R AAIE. oo BB T B E L FF 4 Arrhenius &
&,

o, =0, exp(-U / kT) 2.5)

Hep, o ARWET, UARIHER, rRTHRLZER. ABEEREY
HA R FHMERY 0.516eV. TULLI, Enw TGRS HEMEBBAE R
EHHL, IXRALEAHENLRBEATELEZNEA.
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Fig. 2.16 (a) Frequency dependence of real part of ac conductivity at different temperatures for
as-sintered CaCu;TisO; ceramics. (b) Temperature dependence of dc conductivity. The solid
squares are experimental data and the straight line is the Arrhenius fitting.

M 216 () XA FHLHEAEHLL b)) EREFHERNRM, TCET XN XE
B A, HEHKE Arhenius TEHTHS B2 HMNE %,

EMEART, BREFASRE THRPRBATR, X P AEMLHTR
TERBM, TRAEMHFEELK CaCuTiOp ENNBEETARIEEHY
w. B 217 48T CaCusTisOy, M EEARRAERE N % Ao B RAME
E#EAEE (JFH 100 kHz #2 1 MHz). hRAAALEHEHERTH,
AARABRALEAEENLRBAIBEN LR BOPAGEREZR. KEN B
BARRAARRAEFHRE MEFHANENEL. MARLFALEE HRMNEH
BHEBEHH, MEEHED. BT HEMNEBERBEF M EEN B BB
FAE, BRALEEREMEEHRPEER. Bk, TUAKEMEEHTE
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Fig. 2.17 Effects of annealing on temperature dependence of the dielectric constant of
CaCu;Ti Oy, ceramics at 100 kHz and 1 MHz. Inset figures indicate the dielectric loss vs
temperature.

B 2.17 CaCu;TisOr, MEARFALEWME 100 kHz F1 | MHz TAREH S M BH (LiE
B) MEREAXF LK.

2.4 &

REx CaCusTuOpn MEERBE X REBEHAN LR H#ITTRIRZAL
R, CaCwTisOp MEFEMBEABHEHNE Debye NEHE, HAHFEL
Arrhenius THEMARBFTLE., HENEHBZHAE 350 K~623 KBEBEA,
CHRERSBREAERNBEREEHL (KAF KR 05ev) , XEXAHE
THAMERBE 2R TERAFNHEIN. FAAARLETEERBHENMER
%, ZRAHENLRBREETARKE. KENME BB H A 123K~250K BE
BEA, FENTFAZEAARAEND, BHEKENLBBN LR TERE
WEE. &6 X HERE T REITRE, CaCyyTi0, MEFE T /Y f1 Cu’
[ C BN EHMTHRRMEEMEBRNEERE. T CaCuTuO MEFHENME
ERTEERMBESHENERBHEERSFTHNER, Bk, TEAIKEL
BEMBBERAHAE, BTEAEERTE, TAEL MR,
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Zn EJ&E&E CaCll3ﬁ4O|2 WE?L

3Zn BE# A CaCusTif0n B %

3.1 WE

Mk 31 FIEBE ACwTLOn £ AMH A T L ALY,
CaCu;TisOp MR R AR A AN Bk, TP o Cafo Ti BFHITLHER
HEAL T A bbb, WK, A2 EH XER L% Mn" S B FH L B Cu™
HBETAEHHERMEER. RN TFERSHN CaCusTiOp A H M
B WRRBGZ A EMR SR, HFEXEERTEALEN LT
B TENLENTR, FEABIFESHRE, IXBRBNMERENTLF
X7 -RAHAYE, FAHZAXTRENETESR Cu BETHHRE. BRAEH
AWEFHTER, HAFREHEHRA CaCusTuOn WEHRA LR BN T WA
FEEHEX.

F —Fx CaCusTuO HENN BB PENM AN HARENA, EALK
B 5 & ¥ TEY/TiY fo Cu'/Cu B MU R AR MAFE AR, H T#—
S HIE MM E CaCusTisO, M EE M BB AR BB RA TS, KEREAN

% 3.1 ACusTisOp R FIM B kG S HHE (298K).
TABLE 3.1 Dielectric* and cell edge data for 4Cu;Ti;,O;, phases (at 298 K).

Compound Relative dielectric Loss tangent a(A)
constant

CaCu;TyOn2 10,286 0.067 7391
CdCusTifOr2 409 0.093 7.384
Lay3Cu;Ti4012 418 0.060 7427
Smy;3Cu3TiyOy2 1,665 0.048 7.400
Dy»3CusTiyOp 1,633 0.040 7.386
Y23CusTiyOrp 1,743 0.049 7.383
BiysCusTiyOy2 1,871 0.065 7.413
BiCu;Ti;FeOr; 692 0.082 7.445
LaCu3TisFeOy, 44 0.339 7.454
NdCu;TizFeOy 52 0.325 7.426
SmCu;Ti;FeOy, 52 0.256 7.416
GdCusTisFeOy, 94 0.327 7.409
YCu;TisFeOy, 33 0.308 7.394

* Measured at 100 kHz
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FHE#e T BH%4% (SEM, JSM-5610LV, JEOL, Tokyo, Japan) # it ¥ # 4 &
FREERE, WPHHRE LT N RALEH.

AR X H4& K E FaiE€ (XPS, PHI-5000C ESCA, Perkin Elmer, USA)
A EREPETERNSELARLEN LN, HRA XPSPeakd.l RKHHITH
FEAT ’

HHREERAARDRATETRE. WAt. REELRERBERE, H&
823 K THEAKKY#RE 30 44, HERER. RAXEXAMLSHK
(Turnkey Concept 50, Novocontrol Technologies, Germany) 7 123~623 K K&
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Fig. 3.1 XRD patterns of Ca(Cu;..Zn,);TigOy; (x=0, 0.05, 0.1) ceramics
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Fig. 3.2. Lattice parameters of Ca(Cuy.,Zn,);TisOy; (x=0, 0.05, 0.1) as a function of Zn
substitution.
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BARSTHER K, x=0.05 He &R+ ALK 50 um; x=0.1 B, &R T
RN (K%K 45 pm).

a)

Fig. 3.3 SEM micrographs of thermal etched surfaces of Ca(Cu,_Zny);TisO), ceramics (a) x=0, (b)
x=0.05, (c) x=0.1.

B 3.3 Ca(Cuy..Zn,);TisOy; B & 28 o il 1 H 4 R B8 K (a) x=0, (b) x=0.05, (c) x=0.1.
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SRMMENTE 3.4 PR, 5 CaCusTis0p £, Ca(CujnZny)sTis0i2(x=0,
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Fig. 3.4 Frequency dependence of dielectric constant, loss tangent and ac conductivity of
Ca(Cuy_Zn,)3TisOy3 (x=0, 0.05, 0.1) ceramics at 298 K
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Fig. 3.5 Temperature dependence of the dielectric constant £” and dielectric loss of
Ca(Cwy.,Zn,);Ti404, (x=0, 0.05, 0.1) ceramics at various frequencies .(a) and (b) 10kHz;(c) and (d)
100 kHz; (d) and (f) 1 MHz.
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Fig. 3.6 Average grain size and dielectric constant (10 kHz and room temperature) of
Ca(Cuy.,Zny);Ti4Oy ceramics as a function of x.
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Fig. 3.7 Impedance spectra of Ca(Cu;.,Zn,);TisO12 (x=0, 0.05, 0.1) ceramics at 296 K and 400 K
B 3.7 8K 296 K f1 400K B, Ca(Cuy,Zn,)sTisOn M EEE.
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Fig. 3.8 Frequency dependence of dielectric constant at low temperatures and temperature
dependence of relaxation time for Ca(Cu;.,Zn,);Ti40;2 (x=0, 0.05, 0.1) ceramics. Symbols are
experimental data, lines are fitting results.
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HEAREXBIERE R R HREEL, FERE B REHE
FUREFNAECER LA EERERH. Eih, FFHFBH Ca(CuinZny)sTisOn(x=0,
0.05, 0.DME#4T T HALH. B 3.7 K7 296 K #1400 K AN BE AREH
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BEH 400K B, BRSFREN TS 296 K B MR, & x B8 KT A,
fE sk Al B x B ATOE R, Elt, RAEGEAEN RGN ELR
FAEH.
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#HITMNE (WEISFHF):
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Fig. 3.9 Temperature dependence of dc conductivity for CaCu;(Ti;..Sn,)401, (x=0, 0.05, 0.1)
ceramics. Solid symbols are experimental, and the lines are fitting curves according to Equ.3.3.

& 3.9 CaCus(Ti1xSn)e012 (x=0,0.05, 0.D L HiR e S HBE B &, LNHFERTE
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Fig. 3.10 XPS spectra of (2) Ti and (b)Cu regions in Ca(Cu,.Zn,);Ti;Oy; (x=0, 0.05,0.1)
ceramics.
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% 3.1 Ca(Cuy,Zn)sTiOr; (x=0, 0.05, 0.1 % X 4 & . F fk 04448,
Table 3.1 X-ray photoelectron spectroscopy parameters of Ca(Cuy.,Zn,);Ti4O1, (x=0, 0.05, 0.1).

Binding energy Area ratio
Compound (eV)
c | o | | T | cuiee | Tt
x=0 931.7 | 933.5 | 456.3 | 458.0 0.727 0.524
x=0.05 931.4 | 9333 | 4563 | 458.1 0.886 0.7403
x=0.1 932.2 | 933.8 | 456.7 | 458.3 0.870 1.108

& 3.10 4 Ca(CuyxZny)sTisOp2 (x=0, 0.05, 0. ZEH Ti f1 Cu BF 2psn BB K
B X HEKEE T, ¥ Cufe Ti 8 2psp B 4% H Gaussian-Lorentzian i 24l
& MEBELX3IIT, AMEERS TR, Cafv Ti & 2pn H S RA R
Mg, EEEHRESRF -MMAB T REMAET, ZERMKNERET—H
RETHZHRETF. BRNASTTFHT LR BT Ca(CuixZn)sTisOr; F A M B &
Pre g ey M2 e, RERCENASHE THE &G04 NISTXPS $#3#
EHd. a3t EAANAETHERRTUEBELRE TR E.
InSEHES, Cu'h Cu /KA A 0.73:1, 0.89:1, v 0.87:1, Cu'th K E
FHATE A, Y x=0.1 # Cu'EMKEAHEBAN. MLTE, 5 Ti"WEAR
WA, %x=0058, TO/Ti"h x=0 B AT 413%; % x=01#, T/T"
th x=0 AT 111.5%. FENETF Zn HEHRTRXKET Cu BTFHNA,
FRALTT i ETHNAELH. X2 H CaCwsTiyOn L BRSNS %t B
. CaCwTiOp R HHAAHW T oW REENAREBNTBRERTL, 48
FEHEEHECuET, RCuATi nEFNLEFFERTTFREARMEXHSY, BT
In HE AR 1.65, th Cu B SUEEAD, BT Zn REIBTHRIWESE, Zn-O
#BAT Cu-0 8. & Ca(CupZn)sTisOn MEFEF=4FE T, #458 T
BARTEA T, ARG TRETELE, PEN G 28T ™, BR,
MTZInBERENYMEYENLEEERNTLELNGRYE, BUEESLETHL
FWRETL, UL x=-01H TR C NS ER K. 5TV EWAEN AN
th3x, C'B & B LA K. Ca(CuyZn)sTisOn ME R BN EHHEEERERN
FHEELOBERTF, BERT Ca(CupnZng)sTisOp 9 E 8 e i .
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FKEFHEMR B RE T EHBERE Ca(CuiyZn)sTiOrn (x=0, 0.05, 0.1)/4
¥, FxEman. REHPNEEERTTEANBIN. Ca(CupaZn):TisOpn
(x=0, 0.05, .M ZH B HRTE 3050 um LE K. BH Zn BN,
Ca(CuyxZnyg);TisOp, AN BRI, AERERTEHTHRENGENER
BAARERATEER. B3 X FL4LETFRELRIWELA, /T %
Cu'/CW b E B EH A, Hob TP % F 13 £ /8 Ca(CurnZny)sTiiOn 2 W &
GrEELHBRT, REASREN RPN R, X—ERBIET CaCusTisOrn
MENEMEZETERET T/ 0 Cu'/CP BN E, FhLa
RETERELRE.
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4 Mg B # A ¥ CaCu;Tis0, B E

4.1 W&

W—EHRAT Zn B CaCwsTisOp & P 1M th . Zn BYIEE
7 CaCusTis O, EH BN G, #TWHBET CaCusTisO L HE A K.
ATH—FRERRIETFEHA CaCusTiOp B M i B, KEHK
A Mg TFEFEBEH CaCwsTisOp MEW Cu Tk, HRAHREHRS
Ca(CuyxMgy)sTisOrz H % 4y B 4 o fi- v Mk .

42 AR AL K

F B A RO 3% #1 4 Ca(CuyMgy)sTisO12 (x=0,0.05,0.1) 4 %, # H CaCO;s-
CuO. TiO, fu MgO B RIENFT AR . EHOGSERAT FURKEREHE
w5 22.1 frid . HERFREEN 1273 K, Ca(CuiMg,):TisO1; (x=0,
0.05, 0.DAyRERE R 1373K.

RANAEMNEREEREE.

A X H 4478 (D/max 2550 PC, Rigaku Co., Tokyo, Japan) RE# k&
FTE B, H XRD BB KM Jade 5.0 AATHEHITHFE, REHLAK. &
MEHEREREEER.

REf#E T EHE (SEM, JISM-5610LV, JEOL, Tokyo, Japan ) 4 # 4t
FRABRERE . FH R E AL,

FH X S48 FakiE (XPS, PHI-S000C ESCA, Perkin Elmer, USA)
SRR ETENEN RN, HRA XPSPeakd.1 $k 3417 HAB 247

K Rl %R X H A8 247 X (Turnkey Concept 50, Novocontrol Technologies,
Germany)7E 123~600 K & 1 Hz~10 MHz J B4 & 69/ p £6.

43 EREREH#

43.1 BERH
4.1 %1 T Ca(Cup.Mg,)sTigOr (x=0.05, 0.1)4 2 55 FF I s £ 38 J 7 4L By 3,
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Fig. 4.1 Densities of Ca(Cu,; Mg,);Ti;O), (x=0.05, 0.1) ceramics as function of sintering
temperature.
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Fig. 4.2 XRD patterns of Ca(Cu,;.,Mg,);Ti4Oy; (x=0, 0.05, 0.1) ceramics
Bl 4.2 Ca(Cu,,Mg,):TisO; (x=0, 0.05, 0.1)F & #5 XRD i,
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Fig. 4.3 SEM micrographs of thermal etched Ca(Cu,.Mg,);Ti4O,, specimens (a) x=0, (b) x=0.05,
(c) x=0.1.
B 4.3 Ca(Cu,.Mg)sTisOy 4 % B o % 8 84 938 B 40 B8 K (a) x=0, (b) x=0.05, (c) x=0.1,

B 4.3(a), (b)Fu(c) A 4 T Ca(Cuy Mg )sTisOr2 B & x=0, x=0.05 A1 x=0.1
BABHBRERREEECEEN MEHH TS Zn B LB LR LM,
A% & HE CaCuMg)sTisO, MEH FHERR+TTURZ,
Ca(Cu;..Mg,)3TisO12 (x=0, 0.05, 0. EH-FHERR+25H 21.8 pm, 362
pm, 23.6 pm. WAR T Mg B EHE K A¥ABR/N, TRAEXEEHR
FAEXRL, SRLGM B TREEREMIR P FZ4H.

4.33 ALk Rk AR LA
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Fig. 4.4 Frequency dependence of (a) dielectric constant, (b) loss tangent and (c) conductivity of
Ca(Cuy, Mg, )3 Ti;O42 (x=0, 0.05, 0.1) ceramics at 298 K
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Fig. 4.5 Frequency dependence of dielectric constant for Ca(Cu; Mg,)sTi,0;; (x=0.05, 0.1)
ceramics at low temperatures. Solid symbols are experimental data, lines are fitting curves.
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Fig. 4.6 Temperature dependence of the relaxation time for Ca(Cu; Mg);TisO)2 (x=0.05,
0.1)ceramics at low temperatures. Solid symbols are experimental data, red lines are fitting curves.
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Fig. 4.7 Temperature dependence of the real part £'and the imaginary part &'’ of dielectric constant
for Ca(Cu,..Mg,);Ti;0; (x=0.05, 0.1) ceramics at various frequencies .(a) and (b) x=0.05;(c) and
(d) x=0.1.
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Fig. 4.8 Temperature dependence of the real part £’ and the imaginary dielectric constant £” of
Ca(Cuy,Mg,);Ti;Oy; (x=0, 0.05, 0.1) ceramics at 100 kHz.
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Fig. 4.9 Temperature dependence of ac conductivity for Ca(Cu; Mg,)3TisO;2 (x=0.05, 0.1)
ceramics at 100 kHz.
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Fig. 4.10 Temperature dependence of dc conductivity for Ca(Cu;  Mg,);Ti;0; (x=0.05, 0.1)
ceramics. Solid symbols are experimental, and the lines are fitting curves according to Equ.4.3.
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Fig. 4.11 XPS spectra of (a) Cu and (b) Ti regions in Ca(Cu;.,Mg,)sTi;Oy;, (x=0, 0.05, 0.1)
ceramics.
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Fig. 4.12 The calculated area ratio of Cu’ to Cu®* and Ti** to Ti** as function of x.
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Fig. 5.1 XRD patterns of CaCus(Ti;Sn,),012 (x=0, 0.05, 0.1, 0.2) powders calcined at 1273 Kfor
3 hours.
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Fig. 5.2 Powder X-ray diffraction data for CaCus(Ti;Sn,)4O1, (x=0, 0.05, 0.1, 0.2) ceramics
sintered at 1373 K for 3 hours. Circles are collected data, solid lines are fitted data. Differences
between observed and calculated intensities are shown below. Vertical marks indicate calculated
peak positions. Minor secondary phase SnO, was present in compositions with x=0.2 and it was
refined by profile-matching during the Rietveld refinement.

B 5.2 7 1373 K B4 3 AN/ B84 CaCus(Ti)SniO12 (x=0, 0.05, 0.1, 0.2)% £ 8 K XRD # .
B AFTHEE, LEABLER, NERHEBENZEBTERATRTE. RE&HFRIT
HAOFTamE. £x=02HRSFHAT D EH SN0, & =4, AT Reitveld UEHE
L X &R

% 5.1 CaCus(Ti)Sn, 04042 (=0, 0.05,0.1, 0.2) £ Ty B L W5 K.
TABLE 5.1 Refined structural parameters for main phases of CaCus(T1;Sny)4O4, (x=0, 0.05, 0.1,
0.2) ceramics.

X 0 0.05 0.1 0.2
a(A) 7.3935 7.4065 7.4186 7.4436
V. (A% 404.15 406.29 408.29 412.44
Number of
Reflections 7 ” & 126
Number of Refined 22 23 23 28
Peak Shape Pseudo-Voigt | Pseudo-Voigt | Pseudo-Voigt | Pseudo-Voigt
n 0.44(5) 0.18(2) 0.21(2) 0.28(9)
. | Ry (%) 2.28 2.49 2.39 214
R;zgg:‘;y Rup (%) 356 4.03 343 297
3.37 4.08 2.75 1.92
Ca-0 () 2.605(3) 2.597(3) 2.639(2) 2.623(2)
Cu-O(1) (A) 2.777(0) 2.756(1) 2.765(0) 2.800(4)
Cu-0(2) (A) 1.977(3) 2.066(3) 1.976(3) 1.981(2)
Ti(Sn)-0 (R) 1.957(8) 1.935(3) 1.966(3) 1.974(2)

68



Sn B CaCusTi,Oy, PRRERI S5 1 B E A BRI W

Fig. 5.3 SEM micrographs of thermal etched CaCus(Ti;.<Sn,)40;; ceramics, (a) x=0, (b) x=0.05, (c)
x=0.1.
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Fig. 5.4 Frequency dependence of (a) dielectric constant, (b) loss tangent of CaCus(Ti;.Sn,)4O12
(x=0, 0.05, 0.1) ceramics at 298 K
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Fig. 5.5 Frequency dependence of dielectric constant for CaCus(Ti;..Sn, )40, ceramics (x=0, 0.05,
0.1) at low temperatures. Solid symbols are experimental data, lines are fitting curves.
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Fig. 5.6 Temperature dependence of the relaxation time, coefficient of distribution of the
relaxation time, and (& — &) for CaCuy(Ti;.,Sn,);0,, ceramics (x=0, 0.05, 0.1) at low
temperatures. Solid symbols are experimental data, red lines are fitting curves.
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Fig. 5.7 Temperature dependence of the real part £’ (a), the imaginary part €™ of dielectric constant
and the ac conductivity (¢) of CaCu;s(Ti;.,Sn,)4Oy2 (x=0, 0.05, 0.1)ceramics at10 kHz
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BB CaCuy(Tii,Sn)sOn MEERE T UG LR RERARMLEY, #T
ANEEMERBRAR AR, EGEFRTRIREBEH T TETN:
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Fig. 5.8 Temperature dependence of dc conductivity for CaCus(Ti;.,Sn,),0, (x=0, 0.05, 0.1)
ceramics. Solid symbols are experimental data, and the lines are fitting curves according to
Equ.5.3

B 5.8 CaCus(Ti1,Sn,)401; (x=0,0.05, 0. N Z AR L FHEB RN Xt &, THEEFEL
B, LEAREX SIPESHEL.

EF 0,=A/IT, ARBRRIEL, o, REBELXGER. E« WL RBEH,

KAFAREZER. BEERWE S8 Bx, WA x i v, BRREHE%R
BAREHEA, GAZMABORERE (~1eV) FHEL. Y x=01 KHH,

HTSnE&RTIRDMTRTEFRARSBETHRIILE, AR ATRENER,
i UL 6E 7% CaCus(TiiSn)On AN R S RERE K. WEETH, #WHHET
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Fig. 5.9 XPS spectra of (a) Ti and (b) Cu regions in CaCus(Ti;.,Sn,)402 (x=0, 0.05, 0.1) ceramics

B 5.9 CaCus(Ti,xSn,)4012 (x=0,0.05, 0. % (a) Ti 1 (b) Cu K&y X H4& L Fakig.

10
09
08
0.7
0.6
05

Tt

04

Fig. 5.10 The calculated area ratio of Cu" to Cu®* and Ti*" to Ti*" as function of x.
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005, 0.)M & % T /T H Cu'/cu® BN EHE T . B 59 %
CaCu3(Ti;xSny)4012 (x=0, 0.05,0.1) K% Ti f1 Cu FF 2psn B AH X HE& AR T
fEi&. Ti # Cu B 2ps, 6 A4 ] Gaussian-Lorentzian 81 &34, A& 2RI
EE2| Ti fu Cu ¥ 2psp H DR A FANME, Z48FNENTHERE T oM
WEET, ZERENEI NN Th—HEEET. TRANANETHE
AR A4S NIST XPS BEEH M. wH 510 Frw, % x=0 8 T8I
Cu'/Cu™ H LB B 0.94 0 0.87, Bi#H x HE A, TEVTi*Hr Cu'/Cu B tfl
HREIRA, % x=01 B T/ f Cu'/Cu®™ LB/ A 045 F2 0.29.

CaCus(Ti)Sn)sOn ME S BN EHWH T, #5 58 Lob SR EBRTF &S
THREOEZED. BT Sn WERFEARARKEMGEN L BBBIH, HER
CaCuy(Ti;xSn)aOp M EH EA- BN FE#E Sn BREME ATRE. Wit x=0
RAHBRNEHAEXATE 34 EWER, XBH TP/T" R Cu'/C® B &
HWARHATHE, AXERXENNLERAESTE IS ENERFE. £
FROEUBNEHNARLZEN S ClO ERHNZERUREPHERAE AR,

54 Z#

FEXRABE RN K #1%2 2H CaCus(Ti;Sn)4012 (x=0, 0.05, 0.)E &, #
EAA K. BEH B ERTTENBI L. BE SnBEHRENHS,
CaCuy(Ti;«Sne)s012 (x=0, 0.05, 0.1)[§ & 4 5 41 R 8/ ; CaCus(Tiy«Sny)4012 %
WARERTFEHTRESHGRMBRBRAMEI TR, YHEH 10 kHz W,
EiRMEEREAN A x=0H 79846 /D E x=0.1 # 31324, N e LA x=0
# 0.083 BN E x=0180062. BT SnBHR T RN TLTFEFRRANZETH
KILE, FEERTRINESE, FrlER CaCuy(TiixSnsOr, 6% B4R . fn
HRHBUEREA. ATSENAEEH B RETH, 813 X HELETFaiE
RN, KA TP fo Qo' /C BN EWHS Sn BEHEHY ATHRYD,
HTHIE Y CaCus(TijxSny)sOr2 (=0, 0.05, 0. EMN W M MBI T ER N
BANEHA TN, b, BERARNRY, YERSHERGREY, TS
BRMEHMHEZEN, RLIREMBHREHBEELE.
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CaCu;Ti,01,/SITiO; BHIFBEM KA B EETIA

6 CaCu;Ti,0,,/SrTiO; EH [ E A B A K

61 W&

CaCu;TuOp R BERZHENEE RN THRBE U T utboy DA /HA
HAEETRQEZHEX. B2, HEANAEHRKE (£ 10kHz, TET tand} 0.15),
RELEXEMAEERANEARER, Bh, FL2HARDNAES FHAK
CaCu; TLOp, M EA B RANFAR. BEHARARAG T EHTEEHKT 360
%6, 110, 416, 129, 181y &7 41 & 195190 Shao %4k, 7 1323 K k45 20h #14 ¢
CaCuyolagsTisOn MERAFEREINEN L ER (FHEATF IMHz, £~7500)
Fo AR B A AR FE (120 Hz~200 kHz SEBI Y, tand<0.05) 4, Choi 441 A 1.5%
B Al BT B CaCusTuOp HEFH TI BT EH TRANNEME (10 kHz
B, £ =41000; % 10>~10"Hz 6B W, tand<0.06) U4, B4 FEE S+ & T
FERARAM TN OBRANRELSFTRRUE, RARI REEE—THRER
#. T Kobayashi % 7£ 2:1 #) CaCusTiq012/CaTiO; EHE L F LA T EA B EHK
B, SHEHN 100 kHz B, £ =1800, tand=0.02, AHEFHEENTF
TEBRMER, FHAE20Z 300K HEEREARXKRBELE, BN EE
BHEZEND. W SITO; § CaTiO; —HA G EKBK K, HABERESGT
CaTiO;, HARFWEEREAXRABEAANERE, ALS CaCuyTi0Op £ 4,
AR ERIREANEERNRHBAKANBHRE. B, KEHLK
CaCu3TisO1o/SITIO; ZHEE, HEANE SITiOs 5N CaCusTisOr H ZE AN H.
M Bk B B R

6.2 BAH &5 RRK

3R B A8 RBE 3% ) £-(1-x)CaCus TisO12-xSrTiOs [ £.(x=0, 0.2, 0.4, 0.6, 0.8, 1),
£ B CaCO;(99.99%). CuO(99%). Ti0(99.5%)F SrCO(99.9%)¥ K1k 4 B ¥,
ERERKNE, XEFEMAN CuO BEHEH 24 EHA CuO BB EAAEHE,
BAEF ZEXRGANABLERFAAMNERAEE LG THT ). #lEd
#5221 kMR, x=0,02,04,0.6 f21 0.8 RAOMBREEN 1273K, x=16
BB P 1373 K Bk, BRAHERE 1348 K~1423 K 6
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WBATRE.

AeMe AR EELAHN LT Em BT, Airfr FRUEHRE EXRME
WER 0 5RE , REPHE, AEATFRIHRANERERE m, RE
p=dmo/n®’t WAL R o LIRS,

FIRB K X HE&HT4 (XRD D/max 2550 PC, Rigaku Co., KX, HA) o4
A o A 4 K

AB#HEF EHE (SEM, JISM-5610LV, JEOL, Tokyo, Japan ) i it # # 4
TREEAE, FHREBETHBEALEN.

HHERERSHDRATRERE. #t. REERXETETRBERE,
1 823 K THEARZ P35 30 04, FIEHRER. XAXEEANELH
{X (Turnkey Concept 50, Novocontrol Technologies, Germany) 7 123~400 K & 1
Hz~10 MHz U & # & #y /> st Ak
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Fig. 6.1 Densities of (1-x)CaCu;Ti,O4,-xSrTiO; (x=0.2, 0.4, 0.6, 0.8) as function of sintering
temperature.

B 6.1 (1-x)CaCus;TiyO12-xSrTiO; (x=0.2, 0.4, 0.6, OS)W%EFFE%#M&@I{{:&%

(1-x)CaCu3TisOp-xSITiO; (x=0.2, 0.4, 0.6, 0.8) M LM E K MBELEBENT
fodt & mE 6.1 Brow. 4 x=02 B, AR E 1373 K RE X BREE; ¥ x=0.6,
081, HBHE 1398 K R SR ERKE; U x=04H8, £HG6.1 FrtpEtE
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CaCu;Ti,0,,/SrTiO; B ARPR A ELHI N Ha tE BEBE A

ARBRABRERERE. FAKSOHRE 1473 K REHYEAEH. B
FERAR. AR RSBARNNATNEARLEBE X %
(1-x)CaCu3Tis012-xSrTi03. CaCusTisOy #9 SITiO; M %451 1373 K 9 1573 K
PATRE R &, HP CaCusTuO, A TIMESBEREY x=0 WS,

v + CaCuTi,0,,
_é' v SrTio,
o0 \%
c v v
O |[x= * l v
I= LAY T EL EX 1 * ] #*%
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Fig. 6.2 XRD patterns of (1-x)CaCu;Tis0,-xSrTiO; (x=0, 0.2, 0.4, 0.6, 0.8, 1) ceramics.
B 6.2 (1-x)CaCu;Tis0-xSrTiO; (x=0, 0.2, 0.4, 0.6, 0.8, 1)f§ Z. 64 XRD .

S R, 2 Mty . : ff»f 3 o

Fig. 6.3 Backscattered electron images of (1-x)CaCu;TisOy,-xSrTiO; ceramics a) x=0.2, b) x=0.4,
¢) x=0.6, d) x=0.8.

A 6.3 (1-x)CaCu;Tiy0-xSrTiO; M & 8y & B 8 & T4 a) x=0.2, b) x=0.4, ¢) x=0.6, d) x=0.8.

B 6.2 #(1-x)CaCusTisO1o-xSrTiO; Ko £ 4F s i XRD B, x=0F0 1 it 4%
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B\ %40 H b 3 £ # CaCusTigOpp F0 SITiO; 5. H ¥ B A WA & 3 % 7 B,
(1-x)CaCu3Tis01-xSITiO; W B E Bk, MRBREMEE., AEH AL TR (H
6.3) P LLERIE L AN A, B x=08 ks, HERPEHERAY
KA BN 8y KB H CaCusTisOrp (REHRAE ) Fo/hFA SITIO; (BE) &M
Ff. BT CaCusTisOn WX A B, HUXHAHBRAHANE CaCusTiO, Bk
THRARESRIB I HROE BRI, HEEINTANBTL L EH
SITiO; MFik. B 6.3 F CaCusTuOn KBHHR T ALK 30 pm, SrTiO; /D&
MHRTAEL pm A4, % x=08 B, CaCu;Ti,OpWEEARY, BhEHER
+ ¥4,
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Fig. 6.4 Frequency dependence of dielectric properties of (1-x)CaCu;3Ti;O;,-xSrTiO; (x=0, 0.2,
0.4, 0.6, 0.8, 1) ceramics at room temperature.
B 6.4 %iBT(1-x)CaCusTisOp-xSrTiO; (x=0, 0.2, 0.4, 0.6, 0.8, N E M MR B &
1t dh 4&.

E 6.4 % T (1-x)CaCusTisOrp-xSrTiO; £ 48 [ 2. 49 A o 1 A 1 H7 R o4 7K AL 40,
#, YHEAT 1kHz B, MF x K, MEEHRKBD. MEAEME x 8
TR E R, YHEKXTETF 100 kHz B, x=0.6 f1 0.8 Ry b Hisk
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CaCu;Ti 0,/SITiO; AR R B A AL REBT A

BAFx=00Kky, RAUHEXT x=1 W2 E. EHEEHNRERTURE
Lichtenecker #9 33 %k 3 ] 2t 47 1+ g "¢,

Ing, =(1-x)Ing,pp+xIngg )

Hp x REBLH, s &ocros st 2 F A EHE BB E BT E M, CaCusTisOy;
Ao SITIO; (A E K. ERF R, BHE N 100 kHz B, secro = 72631, g1 =278.
[ (1-x)CaCusTigO1-xSITiO; lE AN B E BN T EE 5N EH AT UK.
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—¥— Calculated dielectric constant
“w 4.0x10° b
2.0x10° |
00L

0.0 0.2 04 06 08 1.0
X values

Fig. 6.5 Dielectric constant of (1-x)CaCu;TisO42-xSrTiO; (x=0, 0.2, 0.4, 0.6, 0.8, 1) ceramics at
room temperature and 100 kHz.
B 65 %% A 100 kHz B, % i T(1-x)CaCusTis0y,-xSrTiO; (x=0, 0.2, 0.4, 0.6, 0.8, NG E#y
AL £

B 6.5 B T 100 kHz B}, (1-x)CaCusTisO12-xSrTiO; A v % M8 x By 7F
fetisk. WA x¥Em, MEERATHESHNERARANEHR D NAES.
MESETUEY, MEERGTEESHNEEEEYS, % x=02. 04/, £
HMEENNEE R EEE AT EME, APTURM, BT SITO; £ M
B, TA LT R # 4% (1-x)CaCusTiO1-xSITiOs B B M A g B 72 A
FEFE x 89 R AL AL T R 20 X B AR 2 B R . (1-%) CaCus TiaO12-xSrTiO5
BMAHMEFAE x WAL E 66 Frr, MH SITO; 2 EHN £,
(1-x)CaCusTisOpxSITiOs I E A BB LE A, ¥ x=04 1, MEHAFELE
BRAE 03, ZENMBFHEHBAN. £ x=08 B, MBFHEADN 0.06.
(1-x)CaCusTisOroxSITIO: AN A R E XK MBE AT wE 6.7 fix. B 6.7 F
RARBRY x=1 ZAMRSHNEEREREG T, EHYx=15, B STO;
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Fig. 6.6 Dielectric loss of (1-x)CaCu;TisO},-xSrTiO; (x=0, 0.2, 0.4, 0.6, 0.8, 1) ceramics at room
temperature and 100 kHz.
B 6.6 WE} 100kHz B, % B T(1-x)CaCusTis01-xSrTiO; (x=0, 0.2, 0.4, 0.6, 0.8, NI &t
A i A,

1.0x10°

100 kHz

8.0x10* }

6.0x10*

4.0x10' |

2.0x10* F

0.0

100 150 200 250 300 350 400
Temperature(K)

Fig. 6.7 Temperature dependence of dielectric constant of (1-x)CaCu;Ti4O,,-xSrTiO; (x=0, 0.2,
0.4, 0.6, 0.8) ceramics at 100 kHz.
B 6.7 BEH 100kHz BF, (1-x)CaCu;Tiy042-xSrTiO; (x=0, 0.2, 0.4, 0.6, 0.8)fF LBy A v E ¥
1y 5 1%
—MERAeRTNBERBERIN. As' = (g, —£5)/ £53,X100[%],
e, e ABIRTHIBERTH 293K (20°C) WIAREHRK, mE67HERE
6B 4 243 K (-30°C)2] 358 K(85°C)Z Bl #y A &’. % x=0 B},-10.4% < A &< 15%;
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CaCu;Ti,01,/StTiO; H ARG A BN R REBT AL

B x=02 0, -15% < Ae’<37%; % x=04 1, 31% < A'<65%; % x=06
B, -85%< Ag’ <36%; % x=088, -42% < As <84%; EBIYVFHAE
FHABYSVHRESK (423 K< T <358K B, -82%< Mg <22%)
AL H, HE STiOs MmN, (1-x)CaCusTis01-xSrTiOs M2 A% KB &
REMZIHLEE. EBERNE, XE x=0 AN R EREE 34 EHRAZER.
MiXMERGTEREANSE S oMl —K.

6.4 %

A 2 R B AR B 4 3% %143 (1-x)CaCusTisO12-xSrTiOs ) Z(x=0, 0.2, 0.4,
0.6, 0.8, 1), xHMAMK. MEMPNBHEHT TN, EXLHELERE
HREREYE, %x=02,04,06,08 B kHREBK. HF STiO; & EHHE
%, (1-x)CaCu;TisO01-xSrTiO; (x= 0.2, 0.4, 0.6) EH B HHME XL E, BHA
Bk CaCusTigOn 5/D B AL B SITIO; R FHRA. YU x=08 1, AFHH X,
ERRE2H B4, (1-x)CaCusTiO-xSITiO; M E B A ERKZHA x=0 4
72631 BN E x =08 17 888, AABAUFBANNEERE x T hh&k 5L
BEERYE. NERAEE x HEALEWERTAD, % x=08 8, HE
BAH x =08 0.16 B/ E 0.06. BN EHREREHGHRITTUE
. BE SITiO; #3 %, (1-x)CaCusTigOp-xSiTiO; 18 R itk & 3% . 3F SrTiOs
BN CaCusTOp AR B AT AR TR FHHAR.
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AKX @AM T CaCusTiuOp, EMRERELEN L RBIEABBL
BB R R A SRR, HELIER X CaCusTisOn A #1T T KM, BEE
TEELEM:

— BFT CaCuTiOn EMBEFGEAF MM ERRKEANARERT S
FAEMWENY S EWRE. CaCusTisOn HEHFAME L &HIEFEA K Debye A
BHHK, HAME Arhenius EEHRBAFT L., ARARRKETEEZRHHE
MEBER, ARENMLBEUILFFAZAAARLEYH. XAABENAERE
RETHRBEN, TREANMCHELRETEAENE . X HE e TFaiEn
WHEREF TN 5 Cu'ICo”" R EHTREMEBEN & KRN EERE.
CaCusTi O, MEFHENRERTERKAEHAFT M R BA LT SLE
THEHER, BRAKERBENMEBBE AL, BEREEEMBERTE,
#iKELN .

=, XAERNTLE Zn fo Mg 2 F B H CaCusTi O EEFHy Cu, H&F
2| T 46 Ca(Cuy.Zny)sTisOr 2 F0 Ca(Cup Mgy )3 TisO1 [ £(x=0, 0.05, 0.1).
ME Mg fo Zn B4 B i, CaCusTi,OnMEHHENERNAB/IINEE, X
HEXEFHREMNBFRT CaCwTuOp HEENAE RN WERTESET
TET™ 55 Cut/CuP S 44 14 8. |

Z. ARETHTE Sn B CaCwsTiyOn, LT W Ti, #l&BETEM
CaCu;3(Ti;.4Sn,)4012 (x=0, 0.05, 0.1)E %,. f%& Sn & E# ¥ v, CaCus(Ti)«Sny)4Or
WEMAEERBK. TOH Cu'BEFEENRD URM BN EHHRBER R
ENMEBETHHNEIERRE. XELEFBERNARER#-FPETT
CaCwsTi O HEFLEARBZNHFTEBETFTI L Cu BN T KA RN E 4.
Woh, BEREE GRS, YEREHEAEEEH, THPRRNEHNES
T, RARIRENMEKBHNEZRE.

W, XAMANAEHAN SITiO; # CaCusTiO L HTHM, FET
(1-x)CaCu3Tis012-xSrTi0; (x=0.2, 0.4, 0.6, 0.8)E MM LM H. H#F SITIO; BN
¥, NEEBEAEA, H BB Lichtenecker B2 ik W, AL B AL L8 v
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RERZRN, ANBEREIEZH TR, RLERAAEINELE MG L H
H 2 CaCusTisOr, £ HAT AN 2 RE R HE,

Aip XA CaCusTi O M EHN B MR AL EN R AT ERFEAITT £
GHR, FEFTT Cu'/C® 5 TPV BB R % S5 E M TR,
BT EREMERE R ELFEETUR, MG EREZEUAENAR
H—-FEE, EHSNERERNEHNAREERA. A, RERLENEEE
RAENB BB AL EABKNAEEETIR. o] E5IARF R0 LR AR H
#f CaCusTisOn, REMERE WM, ¥RA—FBFHEMELRAENERR
BRE. BN, T R BB SRR % F A bR R o k.
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