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ABSTRACT

Ferroelectric and piezoelectric ceramic materials have wide
applications to the fields of military, medicine and communications.
The properties of ferroelectric single crystals, such as ferroelectric,
piezoelectric, dielectric. electromechanical coupling coefficients, are
superior to the ceramic materials, which make them more promising
on applications. At the same time, the ferroelectric single crystals
are playing a key role in the basic study of material physics due to
their simple structure of single crystal compared to the counterpart of
the ceramic materials. At present, most of the ferroelectric materials
in used are lead-zirconate-titanate (PZT). Represented by Pb(Zr,T1)O3,
Pb(Mg;/3Nb2/3)03-PbTiO; (PMNT), and Pb(Zn;;3Nby/3)0;-PbTiO;
(PZNT), relaxor ferroelectric crystals have attracted much attention
due to their high piezoelectric and electremechanical coupling
coefficients. However, because of some disadvantages of the lead
materials,such as the toxic pollution to the environment, the
instability of the performances caused by the volatilization of the [ead
oxide and the aging of the devices. It is significant to explore the
lead-free ferroelectrics and piezoelectric materials with high stability
performance.

The research of this work was focused on the lead-free ferroelectric
and piezoelectric materials, which is the hot topic in this field to
nowadays. alkaline—bismuth-titanate (Nag sBig sTiO3, abbreviated as
NBT) is of superior properties of ferroelectric among numerous
lead-free ferroelectric systems. It could form solid solutions at the
present of the cations of Ba?", Sr**, Ca’", K7, which had the
morphotropic phase boundary (MPB) . Nowadays, the study of
Nag sBip sTiO3-based ferroelectric materials were mostly focused on
ceramic materials, and few reports on the Nag sBig sTiO3-based

ferroelectric crystals and even no report on the Bip s(Na;.xKy)o.sTiO;
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system. Since NBT-based ferroelectric crystal was of multi-domain,
its piezoelectricity could be improved by domain engineering.50 in
this thesis the alkaline bismuth titanate system and tungsten bronze
ferroelectric ( Ba;.«Sry) ;NaNb;O,;s which had the MPB. It was chosen
as study target.

In this work, the growths of Bigs(Na;.xKy)p. sTiO3 crystals with
perovskite structure and BSNN crystals with tungsten bronze structure
were studied. The main research works were: crystal growth, including
growth of Bio s(Na;.xKy)osTiO3 crystal and BSNN crystal, structure ,
thermoproperties and defects of BNTK crystals, dielectric
piezoelectric and ferroelectric properties of BNTK crystals,the
structure, dielectric, piezoelectric and ferroelectric properties of the
BSNN crystal.

I. Growth of Big s(Na|.xKy)o sTiOs-based lead-free ferroelectric

crystals

Bi;03+Na,C0O;+K,CO; were used as self-flux. The original furnace
was reconstructed with cooling O, (at the room temperature) blowing
onto the seed crystal by the tube with a hole. That is called the
Modified Top Seed Solution Growth (M-TSSG).Selecting proper
temperature and rotating-pulling rate, the BNTK single crystal with
the size of 20X 20X 10mm”® can be obtained from melt for the first
time. The XRD result showed that BNTK c¢rystal was of pure
perovskite structure. With the increasing of dopant K7, the structure
of the crystal changed from rhombohedral structure to tetragonal
structure, namly the morphotropic phase boundary (MPB) in the BNTK
system existed near x=0.15-0.20. DSC study showed that BNTK
crystal had two phase transitions at 342.33°C and 574.67°C. This was
consistent with the pure NBT crystal, and it also demonstrated the
rhombohedral structure of BNTKI15. The melt point of BNTK crystal

is 1279.7°C . It was of good thermoproperties stability at above 600°C .
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2. Defects of the Big s(Na;.,Ky)o.sTiO; single crystal
The defects of BNTK crystal included inclusions, cracks and

inhomogeneity of the components in the crystals. The results of the
study indicated that the crystal defects were formed due to the
conditions of the matter, distributing and variation of temperature,
rate of growth and segregation and the super-cooling of components.
The defects could be decreased or eliminated by improving the
conditions {such as growth equipment, seed defect, and so on) , or
controlling the furnace temperature and the rotating-pulling rate
during crystal growing, which would keep the flat interface and
suitable temperature gradient. Perfect crystals would be gained by
optimizing the matching between rate of growth and temperature
gradient of the solide-solution interface, which could efficiently
control the super-cooling.
3 Ferroelectric properties of Bip s(Na;.xKy)o sTiO; single crystal

The measurement of the dielectric constant dependence with
temperature and frequency showed that the dielectric behavior of
BNTKI15 and BNTK25 is similar. We found the dielectric anomaly at
low temperature{2507TC ). The characteristric of relaxor ferroelectrics
was present below the low temperature. Another dielectric anomaly
was present at high temperature (350°C ) . At this temperature, the
dispersive of the frequency occurred, which was different from the
relaxor-ferroelectrics. The relative dielectric constant decreased with
the increasing concentration of K. From the behavior of dielectric,
It was discovered that, due to the particularity of crystal structure, the
interplay of its add-inside field and outside field made the crystal
dietectric constant much larger than that of ceramic. The strong ion
conductance of the crystal at high temperature greatly affected the
dielectric behavior of the crystal. The loss of the dielectric in the

low frequency increased greatly with the increasing of temperature.

10



LR AR TEMIRT

When the concentration of dopant K increased, the relaxor of the high
temperaturc was indused by the ion conduction, namely conduction
relaxor. But, the P-E hysteresis loops were not perfect due to the
extreme high the leak current in the crystal. Bigs(Naj.xKys)o sTiO;
crystal had excellent ferroelectric properties and its piezoelectric
surpassed far from that of the Big s(Na;.xKy)o sTiO3 ceramic. So it
would have promising applications in the high power piezoelectric
actuator. It was concluded that its MPB should exist near x=0.20 from
the wvariety curve between piezoelectric constant and component.
During the measurement of dj;, large ds;; appeared in the direction of
<100> when the polarizing field was applied in the direction of <001>.
This abnormal phenomenon perhaps is owing to the existence of 90°
domain in crystal. Under the effect of polizaring field, the rotation
of 90° domains resulted in the sharply increasing of dj; in the
direction of <106>, Therefore the lead-free crystal materials with
high piezoelectric properties would be obtained by controlling the
rotation of domains.
4. Study of the growth and properties of BSNN crystal
We have successfully grown BSSN crystals with high quality in

atmosphere by using Pt crucible and the HF heating method. Selecting
suitable temperature and rotating-pulling rate, the crystals with high
quality can be obtained when the pulling rate was in 1.4-3.0mm/h.

Study of the XRD showed that BSNN crystal had MPB when x=0.6,
i.e. from orthorhombic to tetragonal. Its melting point was identified
as 1436 C by DSC. It was also confirmed the existence of
segregation in these crystals based on study of XFM, The molar ratio
of Sr**/ Ba’" increased when the concentration of Sr®’ increasing.

The BSNN crystal melts congruently, So the component
inhomogeneity was present in the growing direction during the process

of growth. And the inhomogeneity of chemical composition caused

1
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the crystal lattice distort. So the ultra strain was induced inner the
crystal which would resulted in cracks.

The BSNN crystal showed absorption edge at 353nm. It was almost
transparent at the wavelength range from 353nm to 1000nm ( > 70%) .
Its refractive index was reduced to 2.004 at 632.8nm. The frequency
dependence of dielectric for a-plate. b-plate and c-plate of BSNN
crystal showed obvious anisotropy. Little shift of its Curie
temperature was observed when the frequency varied. However, the
dielectric peak of a-plate and b-plate was not sharp near the Curie
point, exhibiting certain relaxority. Therefore it is
relaxor-ferroelectrics. The dielectric of c-plate near Curie point was
about 70 times larger than that of a-plate and b-plate, and its Curie
temperature was obviously higher than that of SBN crystal along with
the addition of Na”. The measured results show that the piezoelectric
and diclectric properties of the tungsten bronze ferroelectric crystals
are better and more stable than those of other known lead-free
perovskite ferroelectrics. As a result of the inhibition of the existed
90° domain wall movement, the process of polarization affected the
dielectric constant greatly. Also, strong enhancement of
piezoelectric and dielectric properties was observed for BSNN system
close to the MPB coemposition. With some improvement using doping
and making composition close to the MPB, it is expected that the
BSNN system can be a very good lead-free candidate for piezoelectric
applications, such as |ultrasonic transducers and piezoelectric

actuators.

Key words: Lead-free ferroelectric materials, Crystal growth,
morphotropic  phase  boundary (MPB), domain engineering,

piezoelectric properties, ferroelectric properties,
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¥} (Ecomsterials) F1 % & # ¥l (Green materials), ¥ ERHX B HF B
HHMHEER., ‘6" S “FTHEME” B-1THFZH, XE
MEATRFHBAERH SN TFERR, FTIHEKE M B (Green
materials), BIHERBFEW. FRAHIE. FAREFRAURED L
HEFFHh, FHBRAEABBIHAEENFTALRERMHI,
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REBEMHER. ERMHENHTRAAMNTLAEELZES, 2 - MHELH
KR, CREMAIRAMHAE, ENRAEHP R BEMERERE. AITH
. BBEE. REABEWNSEH, JIBBSLULEATERZ A TS
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FEA AT, S5, MEERMESZSHANEELRE, EHH
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EmHERULRLRAIRY, AMEREXH. AP ALHPL0)H 5
BABW 70%E 4. T Pbs0, 7 SO0CH &4 % PbO, T PbO H 4%
AR (890°C), MAMEKEK (1256C 8 5 13332. 24Pa, 1300°C &
4 26664.48Pa). PITHIRAE E® T 1200C, # EHIE 1300C, &
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TE, CERABMEILVTRANAEBECRAPLERTENTE, EEE
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OB, AHAHBETRE. AETHR. BE. EHTH. IRE
TEREE. REUASANBECABIGHAGMESE, FOXNER
EEAMFERLBRAFEFNER (A AXHRBBEATHER
), EXNERMEIVIFAENCTENSSLABAKERTES
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§1.3 BEWFrEXLH. PHEHRMHEAHARAIR

MBS L&, BB A ERERMEEERENEERERH
B. BLEHL 40 FRRY BaTIO REWBELUR, EREEME AR
EHTWTHERER:

40 £/, BaTiO; XMW %

SOFER, PZTERIME: 60 ERE, PZTERIIME=4x
ME(ZAFWE) RPITERIMEZ . FNATHWE (ZTF.
Mo &E):

BOFREH, FHEHSRAWNRIE ENERE. EAHNFEH
THEXE, RAEANELAAMIF RSP BREBERGEBEN
H, FHNEBF. . RESRKEER. B, THEENETOE
ERBRBREAREEHNTUFRIUTILE:

(1) TWEREM, W: BisTiz012. Sr BisTisOs. CaBigTisOs-

Nag sBig sTisO s % ;

(2) @EHME M, W: SrBayNbO;. NaBa;NbsO,s %,

(3) BE&F 4 H, . BaTiOy. BigsNag sTiOs. NaNbO; % ;

BELEHERMHEBTHAINENNAR, ELEEHER L
EEHSA, BEMEAAERLEEARBRAEEMAHEET —EN
EE.

L1 EHERGEHEEERMHE
1949 & Aurivillius R M AR T A REREGMM L ED B EHM
HMaEmh —HHEREN (B0 "ENBHRV EHNNEBEFRZTE
MR, XERFEN “AHEREN” . ZRLEDEARXA:
(Bi202) (Am-1BnQime1)®
KPP ARMBREXBANELENE T . ANEALH 12, T LLE Na™,
K*. Th*'. Pb%*. 8r?*, Ca?* . BI''LLEARMI L EEZE—. =, ZHETF
REXLEEFMWAA . BHECER 6, TR Ti*" . Nb'*L WL Fe'™,
Cr'*, Ga¥*, Mo\ Ta"'" S EMBFHMNMESLE, mRTKREHBE
(Bi,0,) ¥Z BAMEHKT EH, m=1. 2. 3. 4. 5. BMEMHF
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R: BRI & ME (An1BaOina )V (B0 "ER AT, BRY 2
MEBRTUERAEM—., -, =R gl 3%,
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RN (k/k;=5~100. FiUl, SHEREWBERMERHNEST
i, BHEZEMNEHE. EELELEYNBALRERHE: — ER
EHE, TREAARBRBEAPOTHRERERRK, BARABERNZ S -
BWBRH: . E.&, AR TFRUAL. ARBATXERABEEEHE

Rz AT,

L3 2B EREMERERMH

1949 & Magneli KM TEHEFWRNEHUEY, “BFERBEN
(Sri.«BaNb,;Og, R F A SBN). # B 44 (Ba,NaNbsO,s, B H %
BNN), SZXMHAERRMAEAMERABRBBER. ZHH O A
FEA, IEBESREBX, RN THEY, SERESMNBE B
wm. L E+ENR, PHRELEBEBEFTHFRAERINENWE,
H B M A (Bag.7Srg.3)aNayNbj9030+0.3wt%MnCO3+0.4wt%LiCOs( & B
N OSIML),REABERE HEBAFTHEEEEAWBEERT IMH:z
TR EF Rk, B AHB %K Masahiko Kimura 8 5 T (Ba,.Sty)
:NaNbsOys R E, A THEHNENMEERES x EMWXE,
x=05-06 HBEREERNE, BHT K=15%ERMENEFRER
A 1Sppm/TH BREHMHE WAL ETHRESARSIBONEA &
BREAME. SBNRFEARFN A EHET R LM, E—Fa
HHHRARAEME, R SBNRAEATEZEMNAB R Y. @ BNN &
GEMABINNBREMNEAEENE, RHARHAR. S8 8RS8
MARME. AN, ZF@SBNBAEMNTH BN BETURRER
HE®R FEHEEALTWN=ZF-DHFiNHEZERE. AR ERMHHH
HE-IMHEARE.



UERXF R EMNRT

L33 B&®V &H

MOV EHREERNFEFREAMENRAREES: ABRAEH R
PHASH SRy HgaEaits
1.3.3. 1 RMUERERERBRHHN

KB (BaTiOy) FABRERAMBHRT HEat, WEME
AURERPEUBRALER, A EREELTHAUAUNEENHE. FEHR
HEAEEHBEAUT —HUEBR RN ERAHN G FRHESR AL
EREMETSEFREL. URAARAEEVHBERT &N EH4, £
EWBENXND ABO;. UBNAARENTBER. BAMINAEES
FH . BXNEREYE. PEMNMBAABEEASE I MHNRE (B
1.21), BERTEFELTRA: (WDFE 1I20CHIEIMSEE-HBEHT
MSCHEMKB-SBHES, ANFHAERRRABRE, BESARE
Al EEWEGFENT, BRERBREHREE, TRHRETXAXDENE#E
B (D URIEENEENRSAERIBREAL, T HERX
MmEE., BLLBERARDS .

EEHZE SimonF AU BaTiOz; A &, BAMAB_MHBIET =
EXCHMEESEVENNRERRERE. LI X BN BaTio; £
_REEREBEMELRN:

(1) (1-x) BaTiO3+x BaMO;3= BaTi(;.)Mx03, £+ M % Zr. Sn. Hg.
Ce &,
(2) (1-x) BaTiOs+x KNO;= Bag. K, Ti(1.ogN:03, £ F N & Nb, Ta %

MAGERH, LAKEREERMB LT — BBl F7HEE, A
TEEBBRZHAHEIE, FEA2ABFEAER LS SN FHE
GATRAMWHEE, BEAAMNTEETHEA. EXEBERETFEK
¥, #TEIBLEXRBERXEEGE.

X1L2I1IHBIRERMEHARRES Y

BaTiO, BaTiO, BaD,‘Jscaﬂ DSTi03 Bﬂngﬂo_osto,azTiO]
crystal ceramic

e /e, 168 1700 1200 400

Ki; 0.56 0.50 0.48 0.34

Tc 130 120 115 150

d3;(10°°“C/N) |86 190 149 80
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1.3.3.2 Sk p R gk i g i 077

RER Bk # (NagsBipsTiO;, i 5% NBT) BEH% B ERMKE B KK
FHREAR, £ 1961 FHHRBEKMEF Smolensky FAKH M —F
RESHRTVEHMEadl), UBBWM T TERXN ABO;, B —H A
MEEERTVHERKERRE. BV A Na"" T F At L. BREWA
TI"®F. ERT,. UBRUHRET=AKEK, 3m A%, R3im 5 A &,
RSB A, a=3.891420.002, a=83"36 £3 . ESALEHME 1. 1
im. BF ARK—FBE+I RN BEFLHE, (B3N HNERE
FEHE, TEEN, #E4M L, NaO, ZH &M BiO, T EHAHAFHR
FEL, ZHEORTAREERABER. A, % F ABB )es0: M
(AA ) sBO: BMERF EHNLETE, Bmag Tl

U=1.748N({ A q)*/ a 4 (1-1)

LHFEND e P S FH, g A BB HEAMA AR
EZW—F, 2 0 hFHETHEMNEE. B%, 2c=1 0, FHERKES
FE&#H. T NBT, CEMNEERFRAHBRAEEN NVa M BI"A T K&
EFf#fA, BRFFHAFARURATEETERFOEED,

Bl1.1l HBRSHNREEH
MNBTHI D-EHWE LB AMRKALULBEE P.=0.38C/n*, At
AAMRBEMEdRYE:, EEREKX (4, £, 5F 40%-50%), H %%
AN (R 240-340), BB (MAEE K N=3200Hzm) B
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FRTHEFEZDERS, EF4EELAE, B ARG, N3k
AN B XE.

BAA L, A NBTEREEEHHNFAREIELETER K
i P
— HMANSEINMEBENTHAESRAEBERAENZHHEHE.
HANBTMUNBT A EMBMMHELE, ATHETLIERFEATHA
¥, KM%, BTAESE. . CERTAHASCEZFME, BE AN 320
T, ZEBFEULUWEFELIMEB, HE 200C-300CZRFES & —
THE, URREEBREHIMBEZHIEFER—ITHR. BF
EREFRHY, EXABHENEBEEEEAAN, NBTEZAHAN FHARE
B, I_FEZMHMBAEZE - THENHDELE. Bar, ¥ F X4
THEF=ZFHANFTHAMNEZFHANREANEEIREFEERXK
e, TEEPERNMNEEEAFERGBHZIAMNAE L.

VoA Isupov N A ZE 200CUEMEFHARKRAM ™ MU D E
BEIBEF, BEAENFHMNEAPBAT=ZFHOREEME, M
FRARE P BRME REEBBEEHKK, £ 230CLU TREHBRMAT
DR EshAFE MRAEASAREN REE 200C M RERKHE-
HHAT, BR, Ming-sheng Zhang M J.F.Scott W ZE T kB
EAREETM Raman X, Wl 1. 2/ F.

SCATTERIKG !NTERSITY

JOTK (TETRAGONAL

BSTKICUBIG)
.,

00 [ 800 7] 30 200 100 ]
WAVE NUMBER SHIFT {¢n™)

1.2 AEBKE T HK%MA Raman X i

22



W AR RFEH LA

PN A MHABEL MO Ranan K ES=FHOHLFBEFRAT
BEFRHIE, BREANAANFEAEREHRE. BE, EXBRHEMN
EEBEABEMEN ATHERSA AR T REEAORNAHE L, L
MT NBT HEHABERMEMNETTANRFERXN >, HEHE#
— B R
ZONBT RAIMBM BB ERMEROHHR. NBT A ARBEMNRBHE,
HAEML KPP KW MA (P=38Mc/en’) MHFMIH B (E£=T3Kv/cm),
BB ERE K (b ks B0h 50%) : N ALE KD (200-340); HER
thHE 5 BaTiO, M1 PZT 4 Y. FEMEIF (N=3200Hz.m). A NBT #t &
M D-E HE\EAFLUFEY, EHEHRGZRF (— 8 PIT 28 &
£=0.5-25Kv/mm), MEFEHMHOEASREAITHERE X, #LAR
SREEAL, v/ enMERUERBRREBEARKANEFETESEAR
W REBTsHE®, MTEAENASESIEMNRAUZ LS RERF
MEL. THREBEGH AL, XTNBTHHENERERRERSHE
ERAE; MH, MEHM NBTHHA, EHHNEEERIANHTFE
SROUHFEREANZEEZNAE, SRIRECEMTEERSIBRALER
fl. B, I NBTMB AU EENEMBNFMHBRE, ATER
BATUBMHMET. BAREASBRRE, 40K HE KK &R
B R M B2

SIARBERBKEMHBERN T E

LA I BEREHALEHNETRAAEEA

#E R B A L (Morphotropic Phase Boundary, [ R MPB)Y X 4 % &
BERRXREMERB Jaffe EL THERYAR PITHEH KM .PZT
REBRMEMKRE (PT) AIREKLBNBEES (P HBHEEOBK.
HEZE Zo/Ti HAE 53/47T WERHR S ERMREOEHRBEHAS
W PTHREBREBRE 7.5 490C, # 490C U LM E FMBIE, &
90CU THZERANSFSHEM, PLHBEREZEN LA 230C, ®FEE
BEUT PLARGHGE, RUEAPIRAEHARREELEELE, —
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BEMF (EX) NHEH: —HAFEATNHREH. BEXREN
FEHMHRGBEARREFEMAEN R RS, R BEAN PZ &
HMETEEAENBRFE —BEX (HLE) A, FRELUDFREHBEM,
BEEA22CEERAX-—KBREEXBA, PLBLUATREDBEME
BFE. BF Ir" Ti"FAMEFEEMHE, 248 %, WA PT M PZ
WMAOBMBAMERTEH, FUREBREREBEE. EPTAMPI-_TR
MHTERTEFE—4BEEMBH 7., WE 1-3-1 fix. &£ 7.—
THRTPIMPIEXEBE -~ AN TUTH UL A KBN G AR,
RGBOAH (A) RGBT (A, TELZHRATHRERLE
EMHEBR=ZFMH(F) ,PITZHUAEFRREMNERMER, EEH®HRHE
(PRI BAB(PIYE W & E Zr/Ti=53/47 W 1T 7 B # F & 4§ R (MPB)
EFEVM*R. HAXH, EREHEARALF LA —ENEE, 2—14
BER, FR-IMHENAR. cHEHA, WA SREHAN=Z %%
HitHE, MEALTNERERY . ZFFREHEERELS. Bk
HMRABAEABRBT=FAAANIEAMARESRE. R H, LT HBR
FHEZAABER, IAZASATHFEN AT HEAOKE. B KE
A, NEEREARL, HEEREX, XMENH, FRT
Ti'v, "8 OB TAB. EHEnRESNDERT, A TERR
PR, BERTHEAYT PRES TR -BMNAER AR X,
FERKGBELEE, UBERVMERZEARALRETUNIARE
cEMAMELERAEE. AN, aTERRL, AEEHRARE,
HHTFAMENBEZANMIER, §LAERARKNE. BHEFEHRH
E, AREAHANSESEARRAEMA (MPB) Wi, tER RMEA K
T, MAMBELZWH. FLAR, ERETE-ZTARP LA F K
m=HH, CHZRANFHNEFERBT WPB, TR R PITHEBRY
MEREFE. SIAGHHEN, ANTE—ETHEREHR N 22X
FMIERY, LR RRART - REANEIERA.
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[V

3
I

_1

) —
450+ [4 '/. -
400 ‘/ -

= 350 -]
¢ ,/ %P8
< 300 o .
2 «
o 2500 .~ i -
2 zoor. , g
t 't RiNTL A
= L]
150+ ~ -1
0 :91/ an\ ]
L ] L\ | 1 1 L | |
o} 0 20 W 40 SO &0 1O 80 90 100
PbZr0, Mole % PbTiO, PBTIO,

2-2-2-1 PbZrO—PbTiO (PZT) R # 4 8 B

ES PITHAGBEKTy EMBO NBT, HEE=ZFAMEN FHEMESE,
Bibh, =% EMNTHS ANRFHEMHEHNELRERE®
EOMNME—Z X R M R AHER (MPB), &8 NBT 76 bk 4 th &
BEHSXABEEMERMER".

PR AR K KZEH T.Tekenaka AN RHH AL, 3 NBT &
FIEEMERTT RENSEHAR, ¥ VBT 5 MTi0.(M=Pb. Ca. Sr.
Ba). NaNb0O,. KNbO,. 1/2(Bi,0,-Sc.0) % #THE, ERAAZHRE
HUERN - FIAEEE, AHEFHNFMER LBE 5kV/ecn Ll F, B
THREMNTMEZEEEA.

(1) (1-x) {Nay.sBiss) TiD,-xBaTil,([H 5 % BNBT-100x)

T.Takenaka FABMZHF NBTH S AEZB T HNFMHMH BaTios,
MME—-FRRER=ZH-TF(F-FOMR DA R MPB). FFHFH,
R E x=0.06-0.07 &L 7 7 MPB”" . M 0.06molBa® B A A {7 & F &t
MM NBTH B . EMMREOE 1-3-2 7. B UPB AR #HE WA
1-3-3 B MPBHE AN d . W 1-3-3F 7. @A LLE M, & MPB
R M, EEMPBEMRMAEN, ,L.EFEEMNER.
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200

Temperature (°C)

100

0

0 5 10 15 20 25 30
BNT  BaTiO; jmol %]
1-3-2 (Bi;;sNay;z) .« Ba, TIO; O H K ER
FER R AR AT AR LRSS ACEE LA+
RIS BNBT BT T — TR, M WPB A 7 Y,

—1':,% 1-3-2 (Nan.ngan.Oﬁ)ﬂ,SBin.iTiOH%EEﬁﬁﬁg
£ 33 tan 6 X.TJ T,(.C) daa(l()»lzC/N) NJJ(HZ- lTl) Ec(kv/mm)
580 0.013 [ 0.55 288 125 2503 3

(2) (1-x)NBT-xNaNb0, = 7t & **

HAER %K T.Takenaka M AL FEBHAFE T ELE NBT 3 A
—EEMH T REBMHAO NN, MNME—EHERRERT Fe-FoER
BMAR.AR 1-3-1FHAH 0.97NBT-0. 03NaNbO. _ R AN BB E W E
B

# 1-3-1 (1-x)NBT-xNaNbO, Z m At #1 & 09 JE & o 8¢

X dss (107" "C/N) | £, P.(C/m*) E:(XV/mm)
0.03ml 71 045 0.33 5
0.05ml -- 0.38 0.25 9.2

(3) (Biv.sNao.s) norsnla, Ti0: 4 &
2% H Rugters K% 8 Aree Herabut ZH La W A L H
(NaBi)o s EEBEF., 5IAT, BT IBLLHNBERE, EERE

26




WRKFFEFIL L

EIEF 370C ., k.=49%, k,=15%, d,,=80X107"C/N (KB K d,=58
XIOHC/NY), . BB EARL L WEEKRT 2nol%F, HHEHBE
B AR K .
(4) (1-x) (Na, .Bi, ) Ti0,-x (K,.,Bi, ) Ti0, (BNTK-100x) 7%
BAENSHASKRy NG A BT EERTEF=Z/FHE.BE
R20C,KBTEFR FTETHNAFERA EEAN 30C. HEMMEX
Atsushi Sasaki % FH 0 4 48 # K..Bi,.Ti0, 5§ NBT M A [ % 4k
(Na Ko sTiOyo KRR AMM NGB T, ¥REFRH, HHANMH
ROTHEMAN x=0.16-0.20, HEBEEEME 1-3-3 AT .

4:—,% 1‘3”3 (Naﬂ,m}(n_zn) 17.5Ti0.( B{J J.'—t: EE. ‘V_ji {EE
£ r.T:x‘/E 0 P,—(L’- C/sz) ik! k,, d.u(lGﬁ“C/N)
1030 19.9 i0.423 0.314 46.9

TREFEMPBUHMMUAEMEEREE TR B M. £ MPB
MEMMALHEIE S EFRESEMS BT, 6FEHR B
B, HF PMN—PT 8 PZN-PT R & WK %0 PZT W ZHEKL,
HEZOHETHFTRTERBRXIRS, ATFHRA4EREESAN
BEEERBERES, LLVERAKGRELAEBEERY KEARE.

LA42 NEBTREMNRE X

ZREH, WREAAS T EE, FaMaWmERSEaELSAK
. ERREFEOEARME N ERESE, AUBREEERMH,
EMBHMZREFBRMNAOE. HERERARESHBEUHNE EMH
i, RMAEHIENEAR, TUFERELF R EHWEBREESIR
X O O# & . S.E.Park % AN F 1996 & #H =R
0.92Pb(Zn,.sNb.,,) 0,-0. 08PbTi0,(PZN-PT) 8 & & & IT & # 77 | K
IIL>FH | B/ d KAk 100pC/N, MEERM F mM<001>E d., 3% B
2500pC/N, MLEE & FH 4, K F 908", HFuh, BE A8 TE
(engineered domain configuration) WM& . 1999 EH A1 & 22
R Vada BEANEURYBHTFEAAEH TRER, FhBROREN
ERREASI A KMRE" .
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£ BaTiOs B Bh, (001} MmMEE, MKk F A AL, A
BB TRELEMELE 1.3.4 BT, d;;=125 pc/N, B 5 38 & % 20Kv/cm.
WA mmmg, FEZ—BIESEH, B hro1], [0111A
[110]. d33=295pc/N, £ % ¥ [00L1]F /M % /L & 8 85 I % BaTiO; B &
24, WA 1.3.5Fx.

After Poling
{001] E-field After poling
(1]  E-field

1] (111}

T/

Four equivalent domaing Three equivalent domains

B 1340017 MBAHD TR B1.3.5s (NIARMBAEABNTIER

ANEBIBRNEBSRE: ERKNEE¥ TR L gmaEkn GitiT
i, FRAEPBHBEEHZERE, ATESRRMEDE DG BB
MEM. EAZERFRFEFANBRLEEGNNBEEENHTAIANEHTE
(engineered domain configuration), AEB ITEEXEMEME
B, bR EFTEEBUTH A
(1) BEZHHEMNHE, HBENELIHFAZR.

(2) HERMABAMERERBERTRBATANES ZH.
(3) A ABBIRBATLRESANENTRE.

AEBRIBEABRATIERTLEPINT R PINTESH ARG HS.
FREAMERUEERNITAGAREASHRS, EQFEY
doamE, NI FRABRAENEBRAB 4. TE 295 pC/N, AT 54K
PZT B . (300pC/N)HBBE. MEHMEIHFERRE KRR, AE®HIL
EEMERSEEMIMNERNEEAR. Ed A NEHITE, REFEH
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REEBMHEMLEAEERE, CRBATEEAME R HNTE.

SR FEHNANRNEERATARANE

ZTERRANBERNXBEN, ALESENEHEREBHENTR
R, FTHEAATEKRT SHEBBMW (BigsNagsTios) RESREK®
mMAMENEERNSHORBRENM (Sr.Bay) 2NaNbsO s ( BSNN)
mEMHEERAVHFRNE.
1, WEKBEH (BigsNagsTios) REARKBRAEREMHEHEE
(1) HEFALXLHEEMNRS, AREHRNBE, B, BEEWH
AMAFEELF, BRBEVFECEREZERMBEFTHYEENRX.
BEERMKAE. EH. MR VEBASHECCcBERENE S
MHE, A2 RhE&nNittBESsaldnma, ETUENENH
A, Bk, EMHYBSERMTARTAEAEAZTENERENL. 84 8
HNRKAEEME MM AT ARENR, TXELZX T ENF AL R
FF 4.
()T HEEHEBEALSD, KB®B W (NagsBigsTiO;, B K A NBT)
EEgEHHEATHENLEE, T8 A Ba?'. Sr'. Ca'V K'ERETH
HEAEK, RANREFERERAEMEA,. BAl. (Nag;sBiogsTiO;) B H
EFEMHNMAEIEEPTHEME, MM T (NagsBigsTiO;) % #
HMEHRESNHRRER D, F(Bi,(Na,. K)o sTi0,, A F 4 BNTK)
FHARERE, RNALEAIHAERUERNENS, S KEKRBREHN
ARaME, X HGaEREREL -PHTR.
(3) BEl, "B UPERREATHEAZRa, RERL, EaE#
REZIRBRHE, BAHREFOEAH. RNEBINRENBREE, 4K
HAFMPBARMAFME, FHEWBMENER KA RBEAR
AR AE, DHEBHNE L ESERSESTHRMBNESEEHME.
(4) BAUBRBAARAKBERAMERFEHEH,. RNTUEBAA
EHIREEA, NAEKEANHREWAGEERMEETLE, 84
RBEAEBNBESD, FREFERLIDEMNEBGEBERBINK
B BIAEHIEEANLE, FEREREMESHEMB AR EY
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FHEEBHH.
2. ZERRBREYVHEMEMNEIE
EAHAESEEHEH -, FEEUM ((Ba;,Srx) NaNbsOs)

MENEBMERBRMNTRANEBRERLEAARE, RAEAMEHFR

BE.BSNNRZERZR=ZFMMSNNAMOFHAMBNNHBEBEE, HEBKSP

FMPBARMEFLE, FHIAFTWPBERNELEREMY, FHES

HHEMPBMEBSEBRANER, ZHERASTHNMH, ARERHE

S g

3. HAMARERB
AR XMHREER: (D) BARAMRBERKRFE, £KHKXRA

B AE4n 8k B IR B 8 & BigsNagsTiOs R UL BigsNagsTiOs W EK B G H

B(2) BdTRAETHRBE, AEBIENLE, BEERRAR.

EE MPBAKKMMAE, UBRESAFRANPZITRERESTH MR,

MARMAEEEAHE:

1. AESCBMBRRERKTE. AP TFHNES, BEHE 4%

KEEEZSSEAMEKEGTRENEm, EddBKRERKBHPOML.

BERERGFNECKBREERAGMH.

2. EEFRANWE TN NBTHT ANHEFAEARRIHERAA, B K
B F M B A (Bios(NaKy)osTiOz), Ba?" # B £ [ ( BiiaNaisp)
(1-)BayTiO3]«

3, B WM ARE. XHKBRATH. XEAEALE, BETEHESTTFR

WESEMMPBABMEE. RAELEH. URRERINSNUEE

B AE. BEMEHNTARLE, B SRR REk.

4, WEHEMWPBEARMBREHTHA. EBRBEEMRRARIE.

B2 AR XHMNTHEEERALIMB N ETEF AN S, €% NBT
ELHMBRERAAHEM BN EHEBmERREHMH. X,
BiosNaosTiO: RERNBAECENS TR, R EELTH T B2
RENHFR, ITHRECZBARRNRBEAED.

2% LW
[1J{ZBEESE, hENF (EEHE), BEHRL, 1979 F.
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¥ aEE. TEFLELELA LR TWHEHBR. 1985 F,
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102C/IN , BN BE RE k=046, k335024 T E R THMNKMH
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38



R R F I F A 3
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WA ERTTAEEA RO NEDY. 19918, OFH
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BOBNTK SFE 40 & /0 I B B2 & 34 K} .

§2.2 KT &
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MRAERKB, (Bros(Naj K)o sTiO;, HW R A BNTK-100x)M &
HEBRENEMNEAS> AT MPB HERE=Z A -MHAS. X@M
B, BNTK BERHREBEER KisBigsTio; HEE (mol%) MK
16~20%2 " . HR, ERHETEAZTS R AN LARE. A THBREEW
MABNTK R R MBS EHZEMNERXRE, RMNBRKENA SR
A 10%~50% Big sKesTIO; KX, 45 & 10%, 15%, 20%, 25%.
30%, 50%78 44 4.

ATHPL R, AomEXNRGaEROER, RNTLFAESR
AEAEOI N MELTRHKBE, Nk 2-1fix. RHAOMA4ED
BEMBENHSHRPHT LBLEZ2FAMNIANEAULBENERRFH
M ZEH BHEXRE. B THREWMABRRHEEE R, EAREMN
W, HERHERWMET 200CFRAE,

Ro-1EKEHFRHERANET T RAAE

1k % iR 7 kTR oy
HER dEH EERAR—T 99.99%
%KW FEEBAN - 99.99%
i EAEHRCFRNERATA 99. 9%
ZE K REWMULZRMAT 99, 9%

4 Na.C0yy K.CO0uv Bib0W TIO ¥R HBUZTERLETESH,
F MR T B 20wt%AIBi.0,+10wte% Na,CO.+10wt% K.CO.fE 4 8 Bh 45 7,
BEHAEAHBHEY, BRHIOAHER EEEBRAR & HIB P EIS
CEAMEIZA . B2 ITUEY, EhdBEPRESE CH T
Easm, XTUREEAAERIBPRAORBBRENER, BF
MAaNBTERVEHMER. REBSELERETHTHE, BRHI-H
i, EREBEIGOCELENE24IE, FHA ST ENE EBNTKIE &
M. ME2-2FR. HE22AE2ITH, 23U LEAHTLENE
B, CEF LRGSRV EHBBNTKILED T .
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B 2-3

120 4

1004 BNTK ceramic

-]
o
1

Y Axis Title
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100 4 BNTK crystal
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Bl 2-4 BNTK B R x ST &M AN HE

§2.4 REBEMAEK

2.4 1 MM E"

ANEFEFERKGHN HRAMBNESFERIFER . ERSA.
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HHMEENETUTLAELEN
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) HBNHEEERALAKEL, TRTRES.
NWREKVRGACESHBRERM, ARG EBEA, HHAMH
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(OHBRMEBEBARTERARFOASA RSN, LBAHRESEHR

AKSBPHER, SHEKERKKRK:
(S)BAEHBAEMHLHN, #H/HTMIOFER.
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BER, MULEBHRMHET BNK FAXRBERFEHMBHN
£ K., |
ATHHEMNEEK BNTK RSN HEcHBATERER, E£ X
60mm, % 30mm, BHE R 0. 5mn.
Fk2-2 G HB M A YT

# # BELAERE 3= 2Pk EE o
(k) (¥m 'K (10 "xK")

£ A 2170 16. 784 8 #F
&L 1970 5.02 0.2-3 33
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A 3070 4.19 6 — &
E A 2560 1.97 4.5 7
2.4.2 K HE

A ELEK BNTK R EAMEEH =BT HAR: £Kip. FHE-
RUZGSEREBHER (B2 5Fn] . EMPHEALERTTH %
BAMBEX.,. RALKNBER, EREK. PFH ELAERNEREZESR
EREWAEHA, FUHBASHEMNUE, UENBRENEK:
BHERSERABNEERAR,: CHABLEIMBTH, TUE
EHEKKF 1250C-1300CEREMEBED.

HeEMRETEAECHENBA, AALERIRETRE. A
KR PRUIOC-Pt BHHABE, BEFFroE4KRFNER, UligtkH
WERERXE, #ERNEENUZERRYF.

FPEEHERALRE NT-702 REBEEAIN. ERERE X
PtRh10-Pt BAHRMBZ, FEBENL0.5. KB IRD: @ 702
RERBRE, BETHPEANKAEBEACEREERMNLEVR, W g
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Yindows

; ;j Zzzza Furance
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| ——Heatar

=1 crucible
BT+ Flux
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——hlunine powder

B25 BBRANEEKBRENBRETRESE

2.4.3 HR BB HEK BNTK B &
BBLEKBEANAMGREFRGASE SN IHRAE. &k
AmBEAMNBERFPEER, FENIBANERETAIZBAR AR
W, BHER, RESRPERBERERRB. aREN LT AN
44T, BARAINERE NEFEHNBAAHE L, BEAEK
REED. ERMHEAENS BHCHESZEHMES, THHEBERED
WHRTEAN. RALUERTRILERAGRERZE, RAMH
FHRAR. SHEARESAALEEBZANEBRTRG. K/ALA
AEMAFETHE 2.6 B _TABERML KR, Meh&k 1 R
wH, BB NWEREEREE LK, BAREER. WEN LA
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HEBRBEKEENREMARNEIEAER: (VDUAEFR™
AHEAE, REBRAAEKESN INEE; QWIS HREYR
AHGE MR ERKFONRE, RFRASHE -BOMEK,;(3)
MARBERMNT HMEE ATREEFEKEAE . O OTREHHE
ERERAFEBART GIUARILABERA LIRSS R
B OMTMBHEKRAERNRSABROD O, XEFEEXK
ERPOLFENTEXRY, TXNEARBABERNTFEEKE, BAL
MAEFENTERS, WANEAE. BAERENERR & U
EomAMRMESEE.

MENMBBRABERTELE, RAGRAABERRRALEE
FMEeTHEANEREBMANFTE. A TOEILANAAEGEBRALS
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BREEREEH. SR FENERTHE 2.7TREN. B AT H
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RMAERBREL2ARE BANNASHRELBEETRBTR, AT
REKHESE, B, REERXARD. BEANEATHERRE
BeH, ERRERBETROL>ERELHT.
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B2.9 23 XFHNTBHRELEKBRETER
§2.5 BNTK REMES A E X HE G

2.5.1 REMNER
FHAEREEERWNBNTKISHEARBRUE 2.10 /7, 4B

A, BERBEKHNRGERISEET LR, BBRR T .

EzJoaﬁm&ﬁﬂmBmmsmﬁmﬂ
THERREFAETHERARNKEARE KM & & BNTK30 WA 2. 11
Fim. SEHNEFHBBEAREI mo %M HMEEF, RIE 24 D
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W, BN TLUEBRBNTKGE B2 IIGEN2. 11 FREMRAE.
RENBEEREE, EEARXOARINAREE. SdTHRAS R
ABEHAIAMEAAEHRBAPLNELR, RIZFEX, B&AMHEK
MERmHERE. RATIHEEAMEINTREN. B X H& 8
RERANAE, RPEJFMHEN (001} B

(a) (b)
Mll2dmMyEAAFaREZEKSE G BNTKI0O £ & (a) I M B
BAP R HA & E b

FETNBALHF SEBIMNBNTKSO REmB 2-12F R, &1 H
BERBEBIEKN BNTKIO i R, BAMNRBRAERUMN 4K, &
hHFEAERAD,

212 MBRAFREEKN BNTKS0 B &
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2.5.2 REMEmEHESR

BANEHHMEEN TR, N THERERE, EHEN
AERENYHE. ERLEHKEAY, A TERRAUNEE, 4
RRPEREFNELORBE -FENFBREANCE, BHBEE
BE. B EBEEZ IR LERARE, —KAE, —®mAH. ETHE
BERMEREMAREEATRNBAESHERN, NTTRHE T Za&H
MABMEE. L, S REBERTANBEFLH, B, BFX
HRPALHBAGBRERRE, #F —ERBKEEG".

BEAEBGLEHNARBENL EEUECEHEARAME—EE
MAANRAERE, REERENERESGARERERE, £
BREAE, EZARARN, #REEBABRLAN R ERFNER
Wi, FUBHAIBRAORERABREN. RERIREFAM IR,
BAMEEABHEBRTER—FAR, BENAEHFREBERTH
FARE. ZESXEHRZ R, SBHORFMEE.

AERRATHFESEFEATERRAN S TERE, BEEMNY
FRARILEE, FRREH. £&AGG&T, —RATESI P EH,
EXNEGHRATFERSFT S 1B ZABRBLAFEONRNRREM
A, ERFAAMHSEE, EHECAENRINTUARA, UETEA
BEMABENS. BTE LB PHNRABEN TR EEZREARAA &
KRBT EEREN, ASEAEANATRATREEN. @R &
KEZR, BTRABRASHRANEENE, NTAR BB RLE
HEHANHAETURLEANMN. " TRE&KRYE, PRABPHRUERE
EHAESRAZANEFEERENXER.

BN EEREET—ENBEEEEAR. AEEEL—REN,
RARLEBREHET, BABRABMHE, BFEAERT HEHR
( paraelectric). %&%ﬂﬁﬂ‘]%%#@ﬂﬂl&??ﬁ]l@%*ﬁ&@ﬁ%%
MMEBEYERRABTRNMA.

B A1F) B OLYMPLUS R Y B 4 BNTK50 2 B @ (001) & MEE
FTA2BMAR. 823w, mI. @R, MIRTH 10
X10%0.017nn’, Bt WA EME, RNMEH O HHFE . 0 E
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2.13 Biow

2.5.3 BNTK 8 R & ¥

HEANZMEBETBNIKARMNARTE. EEMNRARBEMEXSE
FE, BLHME II0OCTFRENRARESGRZ BN, AR
GYEBXRTE, RATFENNELARNTUERFR N -

p= W/ F- F)X p X110 (kg/n’) (2.1
AP ARBEE INCFREELSTNER, WHARKBEEKTRE
B, o VM ERENAKNEE. RALZFENB M BNTKI0O & & H &
FEHh 5.879g/cm’.

2.5.4 BRENE N

EKK BNTK RRIEMA xH2WH0E. FANRERAE
EFMR D/nax-Re HBR x HEHHF R W RAEHREEE 40kV, B
% 80mA,Ni 38 K, Ds=Ss=10, Rs=0. 15mm, T FE F X 20°/min . & 2.13
AW MR BNTKS0 BB M x H# &G HEE, HbhHsvegs®E
KosBio sTIO: I8 KATH FTHEHL.
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1200
(110] BNTKS0
1000 <
z
S o
£
8 [200]
> e004
B
3
E 400
fecl [211]
200 i (N 1220
o 1 L.._.-Al T 1 T
0 3 40 50 4] 70
26(deg)

B 2.13 BNTK30 8 & # XRD

R, ¥ FARABRAEN BNTK R BB HIT XRD 4T , WHE 2.14
Fir. iETUEH, B KEFRENTAEMA, RAENEHREA
RAETL, MESHRVEH. ROXEBBHEMN IR, Bl 5°/nin [
AHEE, SHEXENA 44°-50°, BATATLLER, E=ZH NBTIS R 4
mHE (200) B AFEXE, WAL K BNTKE0 & & F (2000 A (002)
BHEE. B, MEPBRARENTEHMN, SUNERNB=FA
HHP AL, DEHEEREHER (MPB) WHFE, X MPB AR A
x=0.15-0.20, XE T MRMLEN BNTKBEMNLE R — B,

1—— BNTK1S

(200)

Intensity (arb. units)

T M T T T T
44 45 48 47 L] a9 50

26(deg)
2.14 BE T K15, BNTK20, BNTKS50 7 44°-50° 2 I8 #J XRD
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MEFZEBENAHMEN, SAANEREERETL. AERSHE
KBT S BEMZE4WMBE 2.15 FF /R . & Biya(NaKg)1/2TiOs s, B x #
Bh, BRESH aflc#MMmM, Fid, M xEHM, cRMHNEL a

R U

B O
[}

Lattice parameter(nm)
a
2
1 "
n

0.390 4 oo

0.338 T L T 1 T M T T T M T v T M
00 01 02 03 04 D5 06 OF 08 09 10
X

IS BNIKRE R EBZHSHARN XA

2.5.6 RBNHKZER
RRE(TORNERSMODTORRBRA AN B HEE Netzsch

LABERNSTA- 429 B EEAFR. ETHABRRASFRRAXERAR
EFHENBAETE™H Rheometric Scientific DSC-SP X HHE 4
PR AHAEEEERE I0C/nin, AENZETHAB BRI HAE
BARSARPTHAN. HEMBEZEER, BR. 2RUERABE
HERIEADT A DSC R RIE.

BAEKEK BNTKSO R S ARSI ARk, BFaza
BEBARMKESIH B 2.16 8 0.5Na, (BiosTi0;-0. 5K, sBio s0, 2 5
¥ K # DTA f1 TG fh £ .
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X0

™™

1INIAZS-800/10, H2~3D, ©2,01.2008 11302155
LIXIAS5-$00/10, W23, 187.2439 mg

nteqra. 1.3 r'c .
omes 126.33 ‘¢ Ecdzet 379.95 *

Peak 32.33 °¢
Endsot s e
120 2% 300 o 500 sap 00 -
20 30 ki)

c 10 30 50 3 =in)
SOLI: Malerials Lab METVLER TCLEDO S R Syslam

2.16 0.85Naq sBiosTi0,-0. 15K, ;Bio 0, B F B K K DTA/TC B £

MWNEDTLUEY, £ TcHEP, 75CH 200CEE, HAHAER
KHUHXE, ENIAAIEHRBEBAERAN. ATEHTHERHN
BREBITREAKS, BEXHRKIRERHHEIEPAERSFR
W, XBRBEB, BNERMEEIRY, —EEXBRNT: &
B, RROZE00CULNBETHETHAKLE, EXINENEHE
Btk .7 S00CE 600CERARMBRELA. MARZRKRES TiO0,
#® Bi.0, RAMAM COMER. ERAZEUNK IMEERE".
ZETOOCLE, RAoBAREAREHLAZEL, RARREXLE R,
75 DTA B F, 7€ 342.33CAM 5T4.6TCHBH M RA/BEHIA, RMNUK
LEMEIRY. E5T4.67TCEE, MHBALTATAINEME, KT
Mk —EMHB. £ 342.0BCHER, WHANTHEEXENI=ZFMHE,
=EE U —Fa R, Bt DTA HERMNTLLE A BNTKIS B R
MEHTEE, A\MTERGAEKIBRPTUEFNERABRN RED
EE.

B 2.17 £ BNTK50 R DSC £+ 47 @ . ABEEH 10C /min. H
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FABEH®R, E340CHSOCEEARLB AR A B BB, £ 1279.7
CEAHMRAB M RAEHN, HHEAE 1279.7CH, BNTKS0 B & F
M, ZBLMEENZAZGAEBAE. ADSCHERTUEL, & &
KEERIFHMBEESE, £ OCUWEFRE 4%k,

12
1279.7°C

10

DSC(mJ)

¥ B

0 —————; —T

— T
600 700 800 800 1000 1100 1200 1300

Temperature (°C)

B 2.17 BNTK50 % ¥l # DSC 4 #7

2.5.6 BNTK & & % 2 0 2 #7
BRMABABE2LATEEK X S 4% kKN (X-Ray
Fluorescence Spectrometer & & . $/max3080E2 ) X BNTK £ &
TRASH. WRAKEEBR: 10°%100% , HE I (HAXHFEHERE).
<1%. 208 " T A X HE&EXAEMNEE K BNTKS0 £ 8B M &
GaH. X2.2% BNTKSOM XRF 4T R HEBRE K. NBEDA
S, AREANRANBENDTERE, SRFRASI NIEFELEANT
K'BFE%, £#5 Bi*44BM ABO; SH T HLEHMH, Na'B S S
Bi"dARBRERT &M, 2RT-—SRENRSLE. LWEER
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& # ¥ K Y.Hosono f 9 (Nag sBip.s)TiO3-BaTiOs M @ B KW th F #
'd - DI

5 NaKBiTiQ

40.0+

3504 -

Bi
v Ti

30.0

Bi
25.0+

Counts[x1.E+3]
[
=
=
-

- Bi Rh RhRh

[ R T T
0.00 5.00 10.00 §5.00 20.00 25.00 30.00 35.00 40.00

keV

B 2.18 BNTKS0 2 B4 4 4 #7 &

# 2.2 BNTKS50 B XRF #ti R HE 0 {H

Element Na K Bi Ti
Specimen (mol) {mol) (mol) (mol)
BNTK50 theoretical 0.250 0,250 0.500 1. 000
BNTK50 crystal by flux 0.273 0.234 0.497 1.000

§2.6 BNTK AP HBRBEABHWAGEEBENER

2.6.1 BNTK & % o B 6t B§
BAPHTREEANEANEARREESL . AE.DAEGR.
FEhE, AH. EKE. SR, MIEYD. EEGAARGE. B, X%
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BRREESRE. RN . AHAECARTENREEABR AB®. X,
EFRMERE, ATRERENER.

BNTK B F ETEHMGRBEFAREE, RARGAKNB I FHIH.
B2 19 ARBNBRERA. RTFBH o ARBFHEEX . Ao AEHK
THHES B cRBETHRITERFNERMEBRSEMNAEY.

(a)

(b)
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(c)
B 2. 19BNTK B AMNREQABEBEF O HL (I FTRNBEHLE AN
F# g H

2.6.2 BWBHARSBEHENTIEREA S ERRY

RAEELEKEIBEPZHFUeFTERB, KELEGUTAAT@E
MEEERH: (VOREZH#:. QBRESANBEERS; DEKE
B: (OaBEME D%,

() WEREFHEBEW

(MEFENERREZ. EXKFEANBIRTEAREONHEY
RE, IRXEFEARRAIINNHEIREERAA £ &,
LoBRUBEIRENERKE. DRBERABHRENRERE, B4
HFMADENHADENENIBAFABERT LB, 5HEHFRN
EKEDHAES. BEEKTIESP, AXREHERIHZAN, B
EhREAHNRATMADE, UAFEFREK. WESREAF, &a#E
PHELELEREFALAKENZ L. BRHUEYBEERREEKENRE
h, FTREATEABRREFIHISHHELKE (EKEH0.

(DFEERF. FENRREEXRAAENEHBEER AR N
B (fitn, RMBRRSR). £KFHE (mRHKk, HR.. £ H
. 5A%) TRELEES. BRI SEANEKRKTAEEF. M
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EHBEMAEK,. ZARABERTAEME, —ESNMKRESETERM,
REHBEABDLRAREDL, ETEAEK, EMNBULABEENE
RAFEANGES - WEH 2 V@I BFRRERGCERKIETHERNE
-

BIFHR. MEAFRREAL, BLEPHAMERE (WLH.
RAZE) BBFIAERGET. FETRANMIRGRETRY, REH
RNBRANEAESZEILE, B2ERBRRMAE.

RENFRARENNWHBEZEERE. BERHBARENERENR
., EREAEVER: ERAERMFR, #XBAEENTH, “4
T LZRERFEEORE.

(2) B K 2 7 MR X% 3

(DBEEINBALERE . TREBRERFABFENGEE, &
EadTBFFERENSI DL, BRTHEMEKER (£40).
BEBTHAATHNBRANBANAINBRAIBRRNERN . £EKE
MERFAEKATNRRETLE —BN. MREKERTFAE, WAHE
FREFRAPORSIANIE. MREKERMT, UERHANES
BAMBRIABI% . XTEKENBR, WEAEERFEKEHFT,
BANBESHAES, THEHERENERKEHRARR: EFRA
NEKET, ATAMNAERIREY, TREGPRETLEHERAKREN
ER. B, EKMNANERARERTCENRE OB R4 G, E
AENHBAEHRTRENCE. TUEHBR T AREEMAE, XK
/D B ORD B R

AIERKEFNRBBRLTRANAE S (AN TRAEMENSE
BEME) HAFRHH. BRBRAPIARAHRNERERE, MTEZ
FaRmBEHE. BEFERNGFEERG4ENE. YHAEEBE
MEENNZERTREMBEREE ., B, ZFHERSAH. T
ARBEWK, AFWBRXBRNERERE N

59



P e don s

A
ar = 43!; 1 (1_1;,3) (2.2)
dz ) apM h)\ 2

Reh o ABKES: =S AATKER, cARBBTFRE ICH,

5

BHERCEHROERE, N VEAHIARYE. - VEBFNBREE,
MEXTUER, RAMNBERBX, FATYNHABEESELE D,
(2) Bl #& 5+ /B 72 R A0 78 E

BRAFENERAEEREAERNRARENERERZ—. BH#
FEAMEREFBERAMBESIAREN. NEEHER. HRH
UEBEHRNAERE, FTHERFAERHIESLE, BERAFERIEP
FREMERBNEREREAAYN, EFRNEKREN, BRAETN
BORE, X, TUERAEKIBTEFSHH R A ME 6K
ERBAER. MNERADERGEKEIRTRRERR. BN E
EWMAENMRE, FHLEBIEERBERK, RAABORES
FAEGHEMAERABANANE. ATRRESHNERESDY
% .

EHREKHEFTRAMBEALANREREDGZERE, AEA R
REREEK. BFLEKN, AEARSEN, AR ETETBLFM@
mHBREETE:

oT oT
(2.3)
[az] e K’(az)

AT, LE LA ARERBENHRTE. ZAFTERN:

Aﬂ=Ks(§Z) (aTJA Q.-0, (2.4)
oz ).

ﬁi.A%?ﬂE%Eﬁ,Q%ﬁﬁﬁ%%mi(%ﬂﬁﬁﬁﬁﬁi
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KIEFHF), QHROAaMAR[HANAR.

ETHRAAFREY, BEARENTHE, RETHKX, Bt A
GHRAMQUWESRN, MATHMNARBIANRBRAERD (BYFE

MAMER), B 2.4XTh, BHAMERKEN BEFER, AL
KWREIMATLEK, KENRFAETERER,. 2BURB AN
BRREEELE FEEWNLSANEERE. Bk, EEAKSEREK, £

AREQ-QER. BELKER, EXITIHAANAR, ANE

WREAMEEMASR, XBREKEFETANAE. A, RELE
KidfEd, GUNBEEEREHASA TABEKNEERRZ - &
FTHAEGLD RN, BEITABARAEDNHEX, BLREREN
ZHEHEXRXZRERER, AEAMASHNAN (BUEZLERE
B BHRAEEON, HERAEZIMNARHKR, BAXTRE LM
TRHIR, TREEAAADHAERM. BhERGERKIESD, &
REEHEEANEE, BLCENHEE, FRERAFEAFAE. BRE
KK BNTK R s8N ORERET.

(3) EKER

EREEKIED, AMIEFERFREBRRNEKRE. BR,
MBENEKEEZF SR FAE, ERAERKRTHEANRR. B85
MiRit. SRTHNEEZFEHEER.

RMNME, RANEKEEEIERRTEHRAABLRNELT S L.
ERERFETURERAMAKERE, NHEL,TAMER. BR
HRHEKEESERAPFERADARE S, FIECENER, B
EREaANAR. B 9P REAERAERKEIEY, BREK
EELK, RAENRE TR, ERMRENTFR. RERBHEK
EXHANTREAREANTE, BEEIBMNAEKEERLHAAN TR,
FHERALE, TN TAEKEFHENOEEARAEKNBRE.
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Hi, ERBFEKEIED, BIL.OERATHHAEFRBORE MM, &
BEHMNEFRBETSHEHRER, SERBEHBUE®,

RAENEKEETCERENERE T EHERX. BNTK REE0DH
WHMEKEERR, Bk, BNEHQILIANREH#RTEK. B
HTHEMTE, FREESOEMNES. B 2.20 8000 MEIFREK
MBEEREOIDFEMIBRER.

B 220 l<00>F MM FAEKHE M BNTKSO ARG A

4) *EAMAS LA

BAHFLEBLGMER, HMUBNKRE-BBBNER, BRE
EKHERABDSFIRIAZNEL. EROSBERE, CHEORK
SHEERKBARE T4, VREKFATRGE, ERFERBMMRT
TU(EEEEKBNETL, FREBLNBAREFRBZEK
Br). B 2.19(c) HAEKF M ALK, (00)@K PH 90°BFE&H .
TUEY, RAZENEWEN (RENAEKNE) REMEEN
MEBELEH (REKFRAMLE). XRPYESGAEKIBETRRATAM
REER, KNP REFTACETSLE, HAHE. VERERGH
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RS REEEAY, TEPOLEURAELTLN. EREEKN
TRET, BRHAGTHEAREEEN (AAMERTH). WMELKHN
ERKTET, BEXREERSHBRTHITN, EREFNENFER
BHRSTEFAEEM TR (MRLE). BB FPBROKRDPTURA
KRR ERR.

G ks .
T O ek~ 26.) o

k

ﬁwkﬁc% (0.0 HERERAHOT REYR, SHERURESE

B, vARBKERKTIETRFENBHEER.
HTREANFZEENDESGREBAR > TRLN, BE, R
TREBINESVEAEEEANSERATHAERINE. oo &
HeTERWMMHMBEEHER,. SIESFRARREIN—ITEER
H. BdREGFBEKWIZZYE, RXURGBERKERS BN,
FAatmBRELL, 8 BNTKRAERITHE.

2.6.3 BNTK R A BB RAEERKNITIZEH
BEXMBNTK BB ERKIZZ2H AR RHE, MBRAAKFE
EAEKBNTKBERNEETEZSHIR 2.3 TR
R2ITVHEAAHFBZELKBTIKREN T E S

H 1 W&

¥ & BNTK30

¥ wn 7 @ <001> direction
# i (r/min) 15

EKEE (am/h) 0.02-0.05

% AR B (ml/min) 10-50
TREE(C) 1200-1250

7 E B (C /cm) 30-50
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§2.TXBENPE

BRMNEXRXATMBRAFBRE, #MEEH Bi.0:+Na,C0,+K.C0, ff
ABBEFNRDHEEHT Biv(Na K)o sTIO, EH B R EHE S,
FEAF Bios(Na K)osTiO BBMEH. Bty BRUERBRKBET 2@
iy 43 47 .
AEFRE RN T
W HREAEHEANEZERMBT Bics(Nain K)o sTiO 4 S i E i
B AWM BAEKREHRTTHE, OERANMBFEEZZATTR
A&, EBEEANEHRENERK. LB TRESHTFH, R
St KB BNTK 8 & .
2. % BNTK @@ #ET LMo, B4 XRD Bifk, BN, &4
HE—-WERVESEHE. BdBABRIAN, BExESRN AN MM,
Y x=0.15-020 K, 2 MPB AR ERH, H=ZF-UWFAHAFHNK
.
3. M AEKNRAKMERAT T ME. £ OLYMPLUS WA ERE T W
mE (001) &M BNTKS50 8 & HF 90° R &£ M.
4, HBBHB A FHRETTHE, & 342.33CHM 574.6TCHER
HMAHEBEES. TETEEMLF-NWFANF-=ZHFME. F DSC
&, BNTK50 d R 9 #8 S 7 1279C.
5. M BEMRAH#ITT XFM AW, B4R IRETHUAESNEE
RERT &, BER—ENRTHE
6. BNTK R A BB XH, BNTK AN ITERB VO EER, &
AHBLUEETFRAAHTIERNEHMNEL. FARELEKOA
BEAMTXERBmFEMERR T RRENTE.

2% AWM
N AN, KFEER, (EEEKBEEHR), BFEH R, 1997
[2] S.M.Emel’yanov, 1.P.Raevskii, etc., Growth and study of sodium

bismuth titanate single crystals, Neorganicheskie Materialy,

1985,v0l.21,No.5,pp.839-841
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[3] S.E.Park, S.J.Chung, I.T.Kim and K.S.Hong, Nonstoichiometry and
the long-range cation ordering in crystals of (Nay;;Biy;2)TiOs ,
J.Am.Ceram.S0¢.,1994,77(10),pp.2641-2647

[4] S.E.Park, S$.J.Chung and I.T.Kim, Ferroic phase transitions in
{(Nay,;z2B11/2)TiO; crystals, J.Am.Ceram.S0c.,1996,79(5),pp.1290-1296
[5] Y.Hosono, K.Hrada and Y.Yamashita, Crystal growth and electrical
properties of lead-free piezoelectric material (Na;;;Bi1/,)Ti03-BaTiOs,
Jpn.J.Appl.Phys., 2001,Vol.40,pp.5722-5726

(6] H#AF, FAEHRPRNEAKSHEAMEENERE, LEEFE®KRH
WA BT LB, 2003

f7] S.A.Markgraf, A.S.Bhalla, Effect of starting components on the
growth of PbMg,;;3Nb;,303, Materials Letters, 1996,Vol.28, pp.221-224
[8] Z.G.Ye, Crystal chemistry and domain structure of relaxor
piezocrystals, Current Opinion in Solid State and Materials Science,
2002,Vol.6, pp.35-44

{9] Huiqing Fan, Lili Zhao et.al, Growth and characterization of
PMNT relaxor-based ferroelectric single crystals by flux method,
Materials Science and Engincering B99 2003,pp.183-186

[10] Xiujie Yi, Huanchu, Chen and Wenwu Cao et.al, Flux growth and
characterization of  lead-free piezoelectric single crystal
[Bip.s(Na;.xKx)o.5s]1TiO3, J.Cry.Growth, 2005

[11]) BHEEZIE, (KB BYHEF), BELBRE, 1996

[12] T.V.Kruzina, V.M.Duda, J.Suchanicz, Peculiarities of optical
behaviour of Nap sBig sTiO; single crystals, Materials Science and
Engineering B. 87 (2001)pp.48-52

[13]E KR E %, NagsBipsTiO3- Ko sBipsTIO: REPRXEEE R H MW
WMEHEEHR, HRZLEER, 1986, vol.14,No.1, pp.14-22

[14] A.Sasaka, T.Chiba, et.al., Dielectric and piezoelectric properties
of Nag sBig sTiO3- Ko sBip sTiOssystems ,Jpn.J.Appl.

Phys., 1999,vol38, pp.5564-5567
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B=E Bi“-ﬁ(Nal-xKx)O-sTiOs%W%&%ﬁﬁg“‘”]

§3.1 HERKER

MAEKHEKRMESASTHK BNTK & H XRD e m&Em, ¥
AXHE&rREn{il, 45 XRDA TN H AENRRENTER.
RERAGADENBEEETIRER. NBEREHE. AFEL. E
MESWNRAERAMEEE R 0.3-08mm. E/F 4-10mm. EELXT
OHMFR, TEAERENER. RAEBF N Skv/imm-8kv/mm. &£ 100
CTHEHmFRML 1S o8, BHEENBERTERRAIZER. B &
B A HP4192A Ao UM EErdttR. RAKAEAERE
600CZH A, B AMENR SHz~ 10MHz, B RELAFAAEXTTHRENSE
BERVEHBNBAMNIETE <.

HTEEEETELIAAL:

_ Cxt

= (3-12
£, %8

r

Hep, CHEGMWEAE, BURF: SHARLWAEREBR: t AKH
WENEE, c. hEENmEH, HEH 8.85X10™ (F/m).
ATHEIEMNETRANEEER o, ANERBERE 4. HFE
BER ,ARSES LUBNEENY. KB IEEEXNERMBHR
W (std-176-1978), FIARBRTHFEESR, AER-RIEREN
FTEBFERGE AENFBERAE r,h, THEEBRERINAEABES R
Bk, MBNEY HPAIAMEHAA I TN . AN ERS RE £
M WA E B 6X 1 X Inm’ (7 B, &8 B (001] X [010] X [100]65 ) &,
i WA B E B B Kk s & Radiant 4 F [ RT6000HVS & 1 Jl
REL, EAE R 200z BB THUEZE~200CTHEH A A HBILE
BEMTL, MRXEFEEEN 10C~15C, BHBEN 80kv/mom,

§3-2 Bio.s(Nal—xK:)o.sTioaE?Hﬁgmﬁ'%Eﬁ
B 3.1 R T lkHz. 10kHz. 100kHz A 1MHz S E T Bi.s
(NaD‘HSKD.lS) nsTlOJﬁ%m*ﬁﬁﬁ%#ﬁﬁﬁﬁﬂﬁmﬁ%u ME;P
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AELE Y, 7 450C U T, Bivs (NagssKes) o710, FF £ 350°C M iE 0
50CHEMRANBREMNBERE. 50CHEMHERAREN NG
B, 2000 IENRE-—NMBTE. FRAMENTBREBAEE R, & 200
CTUTF, Bios (NapsKe s) o sTiO RUART BN ERENFHMTE, H
200CU L, FEEHMEBHMNAS IXS5BBRBUEASAR. B,
MA B ENMEERKE, Bio: (NacKes) o:Ti0. &EM AR F
— B AR EME (W0 PhTi0,. BaTiO %), X 53 % & & & 4 (0.
Pb{(Mg,,sNb2,a) 05 Pb(ScisTa: 5} 0, B)F —EWEN. CHEHRNBE
B2 AIKANR, Bio:Naw:Ti0 &€ 200CHEHIAM N B RERERE
THE—RBEBHATMNER. RIHENE RS BioNao:Ti0. g & K
UREEFA L -H. OREWEMNTRER (BESWE) KB, &%
MUTABAEERAE62T, ZEZ K THEM2380. MBI 2HE" .
—HE, SHRTESENIBRER cBRE, HAEHTERY B
GHMRBENBFUNBRUELR/RN, EHRAANABREHRBESESNEE
REEXMELTV AN EELHMBEET, LWmp bz
K. $BTEHNITMERETFER -—ESLMWEERT “3” ZHEH
HAEHAERESBRENER, ERBANARBEHEHEFHRAMN
Am. RETHEABFHEANER, G EFX - EBFL LR AGR
E(AMmEnE5REHM0EM) KRA8n. XHAEASIIENERE T
MU TFEEEREMME, €48 TRAUMBENERE, XREIXMFKE
TEMEHR, BXRETHLEMMBNARE, ATEKE TFToHES 7t
—SPRE.XFNMNFRIETHMHEEEAENBEFTRELEE XX
ME, ZZEBITRAMETFTRAREFEANTHRE FEG FMEERT
FHEBETF “4” A4 LHMHSER, EREBREH NI RERS
BRAMEE.
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7000 ~
—=—dietk
] —o— dig10k
8000 —2— dig100k
- —o—dielM
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3 3000 SR
s /845,0’
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Temperature (°C}
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| 3
—a— gk
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—
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° " zo:omperature ey
B 3.1 7 LlkHz. 10kHz. 100KHz A IMHz 48 & T BNTKIS5 & /& (001)H
fr B (a) F A BB (b)
HAERE—BRAZTUEL, RENTERAEEFERERR
BEBEREUE NMEAREBTHAENATEZ SN, FARERM
MEAT. EEHEBEME PINTTEFAUMELRL. RNTARTE
FURBTLFAFEANBETFHS (RPRAR), EXERBTH
FHHBFARIERMP, B’ &AL, BNTK & &5 i B k&
RRAEREAZNABSANFANERBRIENBTHEHESA
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S B K R ,Bizogm@ﬁ,@ﬁﬁﬁﬁmﬁmcou=v“o+%oz

b+2e ) BAHMEFERATHE T LR, WEHABKHE,
TEREEBT, SHINTAEXR, B, YEEARIESH,
BTHREZEFNGBEERK, NTERTETER (FSF). B33 R H
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RESs#, BLEEKRBIBPFHTCOAFNABETERTARR
B

4.2.2 BSNN R A £ K

RMNHEAINANNALEYRAHEY RS, ARNELEKG
., —f—RKmH¥A150-200%.

FRASBRATH60x2TmHAEHR, REMBAALEAR K
BEEERARER. RARSERNBAEITOCES, B LEH
BE, TURTEKBLAI0CERM&E.

B R fE M A ZE B CRYSTALOXZ /] 4 F= MIMCGS-3B 4 i
GENPEh, EAKAATHIN. WEH42HF. B AH3KH2H P M
HITMBHHB, FEFEB LANSENELERE, BETA R
R, FEET IOk, EKFAFE HO5x30mB &8, HFAE
BHEERAABEMIEE —BRHER, EFENEESEANEREE
ARk, SETUBRENERANEBREABEPERREHE AL %
il A
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B4.2 BSNNEBAEKEEFEHE

RABEK—BREEFI. RBE. EREK. UE. BREHKMm. @&
RELRE. S REMAAER, ERFE—BEHAFFEHFEMMMBL,
BEHUBASHERFEZEAENRSAE RN, IETURERES S
REMHNRES BEHFNETH. FHERAN, BES5KFSMAEA.
RZAFILE, - IBTUBEARRASHFRE NS S REEN
ATEHEASY. REHFHBE,. HELBAEAR,. BAARSE
GREBRE: BARAKE, ERSCERADLENRR. FUBBNE
TEHNBEERERURRENERE, —REFBACDTFI . H&4
BMEEIWEMRSTH, VAT ANTERSTREEREANERE K,
RNTUEIRERAESAARAOLOABRBERBCEATER. M
FBSNNG AR HE, RAMAHAOOD T MmN, R EE R TE3nn/h,
MEKPMRARRARFEBROAERE, LA R EMEEH20r/nin.
BEEHEFENBEESREL, TJURAREAUTFREL K. WL L
BEMAZUARR, SEBRANOMADAKRAEMNAEEE. YR &
MEKAEITON, BEMEAFTUEH, BERAEANEAEHEIHR
. BUTFRENORRERAMERAY, "TENLSERMAENR
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YHRE. SREUMATERRE, REERBEA0EEETFERRS
B, BWMEANEH. AREERBROHEHR, —RBEBENEEMEA
B, GHEREBRNEY, RAERERERAED. fARAEESEREN
EREX, —BEHEIOC/MHBEEEREER, TUBEE K
MR

EEMNBAEEKIRG, BEENA4RERNER. E—KS
HHEANBRRAEERE. SRPAFEITHANAOBSER, BikH
BEERAEEREZWESMNEIENRE. BMNEIEXRERERL, 34
HEMmERAEEL 2, B &HRE. RNAA-ITHENE
AR, BETHROLY, ERBEUHBESGW KOMNEEHNML,. A
HHEXEHREREIEDRE, ZANTUREREAERBES,
MERAUFEKBIANRAERRIBPTISCBERYREREER
MEXZEATMREFH.

EBSNNRAMEKTIBRT, ESREKE-ITHRELRE. 545D
BE, RE—BEAONERY. SHESITER, SEREEFE.
FRFAGREELMABNERY ENa,0RSr0, X B EH & KIE K
THRERSHORE, FUATBRELERBRIK, B ERTER
MEBEE MRS, Rk, ERTAAHEBEETHTRBHR T & K
EEELEYN. BEREEREEES, £MA— 2 Na,C0.MSrC0:, 7]
DB FEHERERNRIMARE. B23AEKBIANMAGNRA.

RERRANIEEE. AER, RTITEHN 20X 15mm. EWH
<QI>HARPHREGEL, REEUL+STABNEKHE. TNFE
KABEKF AN HEAETN.



IR KM 2RI

B 2.3 (BayssSTe. 4s) zNaNbsolsﬁEﬁw
§4.3 (Bal-lSr,) zNaNbSO:sa%‘WB‘J?i’X'ﬂﬁﬁ

4.3.1 BH&EE N
EMAABYX—H &8 XK H X (Ba-Sr, ) NaNbsOs
( %x=0.30,0.50,0.70) GA#FMR, FUxH XM\ KRAH B4 2
Fix. MEAE4 2, RDICVOLOIH EEFXMBSNNRAENERBSEHT
WE, SRMEEN TR L
4.1+ E M (Ba,..Sr.) NaNbsO R EMRE S K.

B (x) a(nm) b (nm) ¢ (nm)
0.30 1.246281 1.248614 0.396997
0. 50 1.245882 1.245016 0.395116

0.70 1.245606 1.245606 0.395037
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3000
2500 - 1-BSNN30
] 2-BSNN50
2000 - 3-BSNN70
=
w1500 -
g |
k=] 3
] 2
5oo~rJ~_JJ\JJJ JM
] 1
. B
M 3 T ) S L T L
20 30 40 80 &0 70
20(°C))

B 4.2 (Ba,.Sr,) NaNbsO,, B & Wy x5 & ¥ K 4T & B
EAEALRP, BELI2EMHHEFEUE 41 TH, & x<0.50 &,
BSNN R M EHMEB TER .U x=0.70 0 BSNNRAEMNEH AN M,
E % SNNA BNNM ZiBEG®KS, SHENEZTINTHMAE. B,
BSNN & E%E MPBARWAELE, EHARTEEN x=0.50-0.70 8, X
5 miREN =060 AH MPBARMEY & .

4.3.2 (Ba,.Sr,) NaNbO, . ®E&E KB EHERK

RO BEBE™MNetzschZ R 3 # 8 &4 (DSC) 4043 BSNN3D
RABTTHSWE., NELIFR. BRERB X 2Tng, ABEEEHR
10C /min, N.SHBEFHEAR, FRAYEHR. TR R ABSNNIOR K
BIiR S K 1436, FHRBABEFEH1348%E, 5RFFINHEABREN:
SBN:75(1500°C); SBN:60(15107C): KNSBN(1480¢C) 4k, A E
. BEHFHBELEELEARNARBARRASSE, TEEN
BERYTHEERILRETERNNPRBLER. BREXRT
EHETARARNELBRLBERLERN.
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DSC Aving TO %

(2] 10358

o2
Nj1MB0% |

H113%a7%

N [
114622 r’

024
0.4

081

089 Hi1426.3%

B 4.3 ;;:Nﬁso g & DSC fi &
4.3.3 BB RS
RITA XS EZAAILESITT BSNN (x=0.3~0.7) Mrtb 24 &K.
MEAIFR. BERBS St 808N, GHhF SI*NWEBEEKRT
Ba’*, B SO/ Ba M BE/RLLEHMM. STHEEE —EBRENS B
BARANSCHABEREXRT B S B R, H % BayNaNbsOs-
Sr;NaNbsOys (BNN-SNN)Z L RLAFTEKHE B S EMBHEFEE

% .

25 4 raw matatial .
& » single crystal -
&

-

T 2.0

N H
@

@

£

- 18

o

= }
[

§ 10 } 3

[

£

0.5 .

1 v L T L3 T
03 D4 0.5 08 07

The content of Sri2+ (mol%)

4.3 EB A& &P S Ba’ BRI
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WRRKFHLFMIBT

1.3.4 RUNFRERE

BSNN RABEFHAWEMMBET. RAIE4EK BSNN & H 5,
MEBHAAE, FHERANBRALIES, RERCERE, BEF
REH, BEAZHEGT. RESPERENRELEEFRRAR DN A
B, FEMEEKRSOFAE, FROEBEELAR. B CHMNERW
H, EHENEREH, AEETE. AIxALERMMEBEEZTFEMNA
M, RREMH AR 20=2252" 0, ZHENHHTER. EXHET
(0D REHASH, F—EHH. RTOODMBEE@SI, BS\NNRAELES
HAREAR, AFEEFZLZHETOODKNEE, EfAREENTH
.

BSNN &AM ARBMSEZRUANEREFNEAX (WBRBRONF
) ERRUAEKTELAGRET. SHERR, BSNN RAFENE
RVBEEAUTFTALATE:

(BREBERFESRFR:

MBEEMRE, BSNN B4M (001) BEAFRAREENET
R, EETEHARTRAEEE, MEATZTEANRES. B,
REAEZRERIA—ENYES, FEKBEFLHBE (ODERER
B, FUSEEKTED, BOILFRAEKNEREEELEX b
FEEME. UREBOWDFAEKEIR, EEKERHTEFPESR
SHBAFAT(ONERARRE. A TELAR, RINASENRER
EEUARBELAMBREEER.

(D hEHRFTAIIINEFR:

BSNN RAAEKIRES, FERBPIBRRENER, BTN & #&
BhEKTME—EBRELAERANABOHE. LERITNTIHIH
DREBHBABELRBERX, PEEEBEE. RERBEEREFLHAEA
MELTHANESL, EHAFFE (MEENETL)) REXLE, &
FEETH., k4, ERGEKTIET, BELA0NEREERSE
HAadw, BERAXERE, HREREGAFARN-1TER.

) "REHIIEBHFR.:

RBELEKENENHIECRANEERE. EREEHREHERW
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mUETRN AT EEFRR. WT BSNNESEMWEREFHEMER, R
41 Fim, EMAEEERXIABEFNEZORME. EE&ELTLR
o BRAMMAREESENEAATHR L, BB RN AETE
FHEMAR. BERENBEREFFXE. AEARADREEREL
AARBEENMNEENE. ERIMNVEREES, R ETNAEER
HFAULEHEEARSEEORE ), TUAXBEINREER,
AOBEBRFAEMNEERE, TUELRGENTHR.

§4.4 (Ba,..Sr.):NaNbsO.s & & 5 % & ¥ g8

4.4.1 (Ba,..Sr.).NaNb0,. &M X ZH R

WA BSNN @A BREM R EMHER, RIIMEM Hitachi U-3500
THENAEFTRMET BSNN EHAMETLHE. WHEH 44@)-OFiF. &
REMREC FRAMIM 2mm ERESF. WENKERXKE N 20m,
EEKEHEND 200-1500nm. ABE 44(a)a IEE, ZEE&HEMNEBIHRR
KAYE 353nm, M 353om %) 400nm, FiT BER LA E 60%., RE&E
500nm 2 1500nm E A EREREFE 70%U L. SHETERERAN
XM BSNN G B EARSVAF¥RE. TURAREIRESRLES
MREFMZEHE.ZET T {Eﬁﬁﬁﬁ@ﬂuiﬁfim,ﬂt%fﬁa%%ﬁﬁm 55!
MTHTEMHNY N EFHM dBBRTFHAMEKIE, HAELA 3.50 eV
(353 nm). B 4.4(b)2 BSNN 50 &4 MBS R EE, EHLEEK R
357nm. R (a)F (b)W %, BSNNSO F1 BSNN70 B f & (89 3% L i &
FL-H, UHRMNEELEKEGIBPLEKOB BN RERE.
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100
¥ a0l
g
g 80
£
c 40 4
1]
e
-
20
ﬂ T /lssa n"'! T T v 1
200 400 £00 800 1000
Wavelength (nm)
(a)
100
;\; 80+
®
g
8 60
E
g
@ 40
-
20 1
357 nm
0 /
- T L ] v L T
200 400 600 800 1000

Wavelength (nm}

(b)
B 4.4 (a) BSNN70 & & 938 i Jt i (b) BSNN50 & /& 9 3% i3 & i
RIMAMEBANRESE, $<001>F B BSNN G w4 E#4T T
B, mME 4.5 (a) -(b)FIm. 4.5(a) R BSNNTO IR ST 2B L,
B 632.8nn b SRR A 2.004, THF SBN BHEM 2.3117. WA
4.5(b)BSNNSO B M HEEHE, XE 632.8nm T HETAH
1.928%%,
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2.30
2,25+
2.20 4
215;

2.10 4

Refractive index

2.051
2.00 4

1.95 -

— T

T T T ¥
500 600 700

Wavelength (nm)

T T
300 400

(a)

2154
ZJOL
2ﬂ5:
230:

1.95 -

refractive index

1.904

1.85 T T T
300 400 500 500 700

Wavelength (nm)

(b)
Bl 4.5 (a)BSNNTO & k47 4 £ & & (b)BSNNSO S B 17 53 E A &

4.4.2 (Ba,,Sr,) ,NaNbsO,, & & & /B % &

MTFEERE, DTHEEEBRMLBERE PsMERFIBHEELIE.
HHEEARFAEIE-RABEN, BRBUEEET NS, RaHX
MiERET, REZTAMAEM. I—IEBFRIEREE, EXRENA
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R RFHEFEL R

BERABRBEREREER, A T.¥7. EHBEMEERE, SGHR
EYENRE, EOBEEARULEEPs, EREHR I BB F L.
BARRvE, BHER -—EWAERERET, M E BSNN &4
EHMEMMEITH, TURTERAEEEHAZTHHME.

BMEAERALE MWRFER, AHXAEREI, RENEDHRG
TARLBREPHEHABE R

G=Go+';-a P“% B P‘+% y POt o (4-1)

AR Gy ANLAME (P=<0) P REMBEREE, o B, vy AFFTT
MEE. AP RARBRKAMNERER U TEORSRUBERREBNTE
EXk. RFHRAF_HMAT, BETFTHRAMNBZATRTEZBA . &
RERZEY, BHRLAFERDNE, B

oG

ZoE=aP+BpP' =0 (4-2)
oP AP
llY

—=a+38 P >0 (4-3)
op

HFFES.AFHP=Ps, TH Psﬂﬁﬂﬁ"l‘ﬁ‘»‘::Pfo,ﬁ,QPS:-% \

HBE-AETL, c5pNFEHR:; EMHAMTa) 0; EHBARN,
a<0, ﬁﬁEEE)ﬁv J”JH%EOL:Oa
ETcMIE, acR THHEBRLE, TEK:

a=0(T-Tc) (ac=5%ﬁ) (4-4)
B (4-2), (4-3) F1 (4-4) BRAEBHRER:
V= p=a 3P =TT} 30 P (4-5)

WMHF T>TcMER, Ps=0, BERERBEMNNMBE He=1+4ny, F 2 AR
(4-5) ] 7 3.
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e=l+day=1+ C( (4-6)

r-T.)
AT CAHARBR-IHEH, R4 )BHAE R -8 E B (Curie-Weiss
Law). HTy»l, Crl, APHHEH (TUZB T, B THIE TcH,
cBTEAKRK. L, TERBIRA. . BRFTEENE
M, NEEH cE =T NREHE -ARBRKE ¢ naree Bk, BF
Benn AIXMEMBERAGBEMEERE Tco WA, LERFTHREH
BHEFERFERY, EARIRSBRALIBERAEHN Tc X —%,
—BRBABIEMN ¢ . BEERD Te.

NTHEERE_NKE, SHEFRAEX. RSB RERGE,
NERERET-WEREEEREN AR Ps |, NEKEHMTE, H
AN T BSNN &, HEBMA <001> (c), K=
MKBEMBEADAFEMLGER ¢, (e ) Mooy

ENABEHMEUN, SAEBSNWEENTIREESSNANE
F, RFEFHERMNERRURTAREHRESEMEE. REEL
RHEZ TP FITRAEES . FAAEFEARFITLUMEENRER C
HFBRETAHER ¢

d
£.5

AP dHHEREE (mm),S W HE LK B RER(mm®), CHAEEF).
MEHBMIXL0LX0.47om B a F A 3.01X3.55X0.45mm B ¢ K.
THEEHERE HP 28 £ ™M M5 5 0 L (HP4192A Impedancd
Analyzer) FHEM. BFREGRETHEELHPEASERASN A S
BME, RAKVE 0C. BERLR Apc 2AMAHAERE, ET
FREBEA 10k-300k (FHEBEE L L0 1k). KN FRHAERESN
F@E. METHE I00C-300CHEEEH N BSNNTO & & M A 40 &,
B E S B A LkHz, 10 kHz, 100 kHz f IMHz.

Bl 4.6 B[ 4.8 7504 BSNNTO RékB a R b Ffl c A4
WHE. B oabc ZEMNEHMETLUEE BSNN SRS FEENZAR
. EEHABME 4T, MEEHBERTNNRE. UEERE T.,

£ =

xc=1.129x10"‘i;-xc (4-7)
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G AH 189.2CHM 184.5C, HMEMN Ik BH M F I1MHz 8 0 E,
NEFHEANENBRERERARERB. BEREa A b ANBEEYR
BARLBHE, TEA-—THNFEAERNE . MHF c AESHRR,
HE 4.8 804, HMEMN IkHz BME IMHz 8, N A EHHEHEH
185.7CH# Mm% 188.5C. HEMEBHEMNEM, M EFTHRETRD,
BEHER, WEHMEIM. CREBREAMENAEERERAR o
FRDAEMT0fF. XEHABALEL, BSNBRE—HHBREBEESR
#, XHRBITHIHETEEANTENERRE.

REBEGEEBSERKEEARA, E2AUT -2 A 1. A%
TEEETF—HMEEA (BEA), TIRAEF—1MEERE (BE
K) EMEAELAERHEIERLSENE, MERAEEALENTE
g, LB 4.6 FEH48F7. 2. BB EEU R AENEEHNE
FENAGRTAR. 3. BEEXERENXRAANERBE-AHERM
MRTHK:

Lty (4-8)

&

Hh I<Sy22 LEMAERSHERENBE, FASARUL
AREBESERNXETRR N

L Ly

E &En ¢

KB WABRERE, 3 LARNARER.
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& 4.7

M 4.6

l1kHz,

680
640 -
600 -

560 -

Dielectric constant

520 -

| (@)

480

1kHz,
FHRAEANAEEHEBEREENENK

Dielectric constant

0 50 100 150 200 250 300 380

Temperature {°C)

10 kHz, 100 kHz #1 1MHz %@ % T BSNN70 @ 1% a

800 ~
750 4
700 —
650 —
600 —

550

(b)

—— 1K
—— 10K
—a— 100K

10 kHz

o L ¥ I R
50 100 150 200 250

Temperature (°C)
» 100 kHz 70 IMHz 3 & T BSNN70 & & b K K1 4
MAEEHNEEENTL
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50000 -
| (c)
40000 S

30000 -

20000

Dielectric constant

10000

= -

1 T ' 1 L
50 100 150 200 250 300

Temperature (°C)

B 4.8 1kHz, 10 kHz, 100 kHz f1 1MHz $1%& F BSNNT0 & 4 c A /Y 48
HABEEHERENRL

BSNN70 RALHRME c HHNTREHEI - TRXHNE, HEER
7 184.5°C¥ 189.2C, M DSCHAMLUFIHFEERE RN 186.7C.
EEREREL SBN &4 (7.~70T) & 117C, HEE® T KNSBN & % (7~
150C), HEAZEHE FBSNNERMBEHRREE. A, [001]F
MBI BSAN RUAEBEBRALHMAEER (~5X10") XF SBNREAEM A
EEHME (3.3X10"). BSNN RUEHZRAEL MM EREHE, B
AT 7L.HKNERABERAAT 7LL.ENBENZBRBINII LY.
NG R M A, BSNN & SBNAM BNN I E &, £ BNN RSP, BT E
UM EDRETBE 2 Na' M BB FH SHE. Rim, # SBN &
BREEH, SCHNBEFEANESR, DRF IU/OHNERETE. B
LBNN BB AERBOEERE (LK 580C), BR, SBNRKME
BERERBR T Sr-Baz@MLE, HRAK Sr/Bath, MEF NaH T
Wi, SBNRGHMEEREMN., MBEE Na B TR M, BSNN &
MEREEEESHNEMT.
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80000
70000 -:
60000 ;
50000 -:

40000

Y Axis Title

30060 -

20000 -

50 100 150 200 250 300
X Axis Title

B 4.9 1kHz, 10 kHz, 100 kHz i 1MHz 31 2 T BSNN50 § 4k ¢ A 8948
A EERERENZTH

X F BSNN5O @k c A BITAWME 4.9 Fi" . BSNNSO &I
EEBER 246C. E 4.8 B 494, BSNNSO B &K 4B
EEEEREAMKBHIHE, EAENAR, NEFETHRAET
I BSNN70, BHHBFE Sr 2 EM¥M, BSNN R&ESB TcEH LT,
ERBtEEn, AXAHAREHEM, BSNNSOBRRFTLEREE
HEAHNASZ.

4.4.3 (Ba,,Sr,) .NaNb.0, i & i /& & # /%

EmBNR I1B80FHP. BREMN . BERRERERALE £
KA. ERBMTERRAANEEERE NItz AMEERS.
BELBNFARBEN DB TRERER, EENREEHNNENER
EFrERSef. XHRAFRHER, RRBTREM AL EBRLMN
BARAEERYNYE, EFEHNENRENGERRE,
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R KER T2

RAENBHEERNEAH IRBRERABEREZTRERRO M
M. €4 THERT, RETRAERHEL, —HECEMNTL,
MRERERETFERES: 5 —HERE, HEFARLEEEMER
MWL, FRRAPRAMANEEREZL RARERENA,
ERUFTHFESHEERXNAN. BERBOBTHAEERBERHE
B, RETHAIREDK#ER.

ZEWRTF, BSNN RBABEXREAE, nn2 i B. RHAF 17T M0
BB ER: O/ BEF¥E, s MNERERUE IANMBEFEFH. B
REM B ISR, U UBFHLENEHER. S TERETLTH
MERSGH, IHEENFTTRAMRANTIET A, BEFETHRHA
EAFRIMEBERERERGER. RFZHEHIRRABEEREDE (HH
) EHERARN TFETHTRABIMRIPBRANERDZE R
B A THEREESE . BNABRFERNEBERENEHAHBITTHE.
ERABFERNEY, RNMATHERRITHNER, — BRI THAREF
FFF (100) ,(010), (OHEMBH, A—HEFATT (110) AHE
AF. BXFEHRAGME, JCIBH 12 MATHEE (v), B
WEMEEEHXRW T

w1001 A M,

BEB: pVi=¢ (4-9)
W00 HM MBS : pVi=cg (4-10)
B0l MM R pVi=g, (4-11)
¥ 010175 M :

BHE: pV=cp (4-12)
BI00)F MMM RES: V=g, (4-13)
B0 F MBI RIESE: pVi=Cl (4-14)
0017 A :

BB pV=c, (4-15)
BL00IF MMM BRE: pVi=c, (4-16)
AOICIFARTRER: pVi=c, (4-17)

(1014 | -
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B 4pV=Ctlr (G-H ) +4] (1-18)
R B 4 pVi=GH- (G—H)2+4[2 (4-19)

H L0011 A m 8y ) 1w 3 3 - ZPVZ:Cfs+Ci¢+ (ef.;+e;'4)2"’r’ (4-20)
Kdp@ kM B EE, 6o H=cptees 17cotcus &

=(ghren) /2, R T B R T B RIS B AT BB MR R R OH

bR AR TURERE RS 0y Chr Chr Cur Cr Cov Cur
coRIBE

FREZENED, BNBETHOARESR: <001>FRAMKEHFR
ST A SXSXS5mm O B kD ,<001>F B #EBR T A 5X5X10mm*(
B ki) <I00>H MM BEBRTH 10X5X5mm?® (& ki) FM<010>
FAKERERSTHRH SX10X5mm® (B k). BEHEEENRIER
BE, TUBHRUETHAR o s Sy Sa: HHRNERY
LEMERERE ko kizo kir. kize

ﬁ?ﬂﬁﬂ%mM@%mmMﬂ,i,éﬁiﬁ%%?}@,
Cu

/Gﬁ159@kﬂﬂ%94ﬂi%ﬁﬁ%ﬁ¢ﬁﬁuﬁﬂﬁmé¢
35 C66

BUERBERABEN AN BERREART, ¢ o Cor CoB B s Sno
sRERERME. EEOW: o, o, sh s so T BT A%
B AXBE, o BB TR NEERNEMN.

MEBEEEHNMNHFENESHERLMM (1kH2). N TEAEANEE
B dsz, dyy. dias dys, dyyy TLUBEAXBRHBEONBEESREY ks,
ksis kszo kiss ko WHBEH . ERNOEH e o €500 €45,
eAUBIHRAXBE. BEIULRRRNTUBEMHFTED
MUK,

ATEZEET M 800-1000V/mm M HBHFETHRL. B £ %KM MK»
Bl BB EE. B RECHE K ENLKSR (Panametrics
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5900PR), ¥ F R 2 (Tek TDS 460A). F B Agilent 4294A M 41 &
FRMEZ AN EREMAEN AR, IBMRKE. EH. THSH
m*E 4.2, R43HF 4.4 Y,

RA42BSNN RAMBEHREREANEIRN RN

cF(0"N/m*) | SBNN7O |[SBNN30 | s5(107?m?/N) | SBNNTO | SBNN3O
11 2.268 2. 44 11 34.46 | 5.33
22 2.267 2. 44 22 34.46 | 5.33
33 1. 86 1.56 33 8.301 | 8.04
12 2.12 1.02 12 -30.94 | -1.71
13 1.198(9) | 0.74 13 -2.28 | -1.72
23 1.198(4) | 0.74 23 -2.26 | -1.72
44 0.607 0.65 44 16.46 | 15.44
55 0.607 0.65 55 16.46 | 15.44
66 0.71 0.73 66 14.08 | 13.70

HEA2ER44TH, o Ney oMo FEEHN, BTFHRD
FHNEBENERE, A ABEEATEREYE. XAEY
BSNN ERAFHUANEREN, SBANHTZABEENFEH.
BSNN70 A BSNN30 B ey, e M dys FH AT ¢33 F dys H1{E.
BSNN70 Bl e 33 M dy; A F BSNNIOW . XRWEEE MPBAR
MEMEEMAE ., ERMEEFTRANRE. R4S5FAHHR—
LEMESRT EHMER. NEANEESRAE. RNTLUEHEH
WEMERENEARMTBEaRLSRT %a kK8 (B BaTioy)
M, B#® BaTiO; RARAMEHRRY, GREMXEEMET BSNN
MM HEERAE, B, BSNN &4 BaTiO; RARAESHE E L
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BH. XHEMmr®E BSNN BERE—HREFMNIEBEEME.
% 4.4 BSNN & # 8 /r & # &

ks Ks: ko kis kiy k. (g/cmﬂ)

SBNNTO | 0.51 0.12 | 0.14 | 0.31 | 0.31 | 0.26 5.1

SBNN3O | 0.57 | 0.17 | 0.17 | 0.30 | 0.30 | 0.562 5.3

& 4.3 BSNN &3 507 & &8 & 5

d(1o™C/Ny | SBNNTO SBNN30 e(C/m?) SBNNT0 SBNN30
15 91.36 67.30 15 5.50 4.36
24 90.55 67.30 24 5.55 4,36
31 -32. 35 -12. 40 31 -7.12 -0. 38
32 -37.36 -12. 40 32 -7.2 -0. 38
33 68 53 33 4.23 6.43

ET g“"

11 590 380 1t 533 347
22 567 380 22 511 347
33 240 121 33 151 82.3

EERP, BRI RIABULIES A BN AERAERANR
M. JEHRILEK BSNN70 ft BSNN3IO GHEMM N EERA ¢ 55=595
176, $RALLLE, HEB N BEHTHER ¢;;=240 (BSNN70) H
£33=128(BSNN30®). ECO0OD F A EH A B DT (100) 8 C010)
TR R TEFTR ;M BRERE FBSNNGEFE " B,
AT ESR, BHT 90" WERY, NAERNTEEHMBME. R
RAMNE KM, BSNN RUBHERL, TUBEHNHERHERN, EFE# —
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TRABUTE.

45 BHEPEHEERNERVERANERLIR

Constant Tungsten bronze family Perovskite family

BSNN70 BSNN30 [ SBN™ [LiNb0,"™ [KNbO.'’ }LiTa0."’ [BaTi0,'”
dss(107""n° |68 53 130 |6 29. 3 8 85.6
/N)
e'ss/ 80 240 121 880 30 44 45 169
ks (%) 51 57 47.5 |16 57 19 56
e (C/m*)  |4.14 6.43 12 1.3 4.4 1.9 3.66
e’s1/ e 151.5 82 633 |29 24 43 114
k(%) 52 26 44 16 43 18 27
(a) Ceramic, after Shrout et.al [13]
(b) After Warner et.al [16]
(c) After Zgonik et.al [17]
(d) Crystal [18]

§4.5 KENG

M H Czochralski Rk, vHAREMH, FHREHRAERS
SATAEKHTAREN BSNN 4. EXRHGENERKERSER
AE4EmeEd/AauE, TUEIONREEFAEERREMNA

=]
HH o

FANMEKH BSNN RAN x LB ATHIT RS x=06 0, FE&
HREMAMPB, WDHEXHEZE AN AM. B2 T BSNN & &1 &
MEH.DSCETRBEHSEMNB AN 1436C . X KA KE ST AM
BSNN EH#EEE—ZTHRS 2B, BE SI"HSENHE N, K&

Sr2*/ Ba? iy FE /R b R B 5% N .

BSNN B MR HB#EABBERMEAN. FERMNEFHECH AT M
B, BB RAtAASE R ANTS ESEKNFR . BSNN & &C001)
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MAAEABETENRTHESR, C4FTEANEFRARERR, MEHE
FRTFTEMNBRURS. Bk, BARELEL (001) @BREEA,
BSNN @A RFERABSLEKMEARGRE, EREERKIRED, EE
KimbtE-EBRELEARSBNAN IR . LEBR TN A DB R
SHAKWET, A, FEARTETHIOE LD, BREFETH,

BSNN G M#B 2 H K H 353nm, KB E 353nm—1000nm & & 18
BR#ETE (>70%). BSNN @& 7 632. 8nm 37 S B F A 2. 004,
;N F SBN @R 2.3117.

BSNN @& &M aff. b RHH c RN HEMEETTLLEE, BSNN &
EERZENEZARH .BSNNRANEEEEEAENTEL, BFRE
Y. B2 aAFAbAMNNERHBEREAMEARKRENE, X
BH—FEMBREY. B-MRBBR%EE. CHFEREAMEOM M BE
HRARZ aFMbAFMI0B. AFREEM NaBEFHMA, THE
MT SBNRANEBRRE.

WET BSEN @AM E., RBURBRHEESR, SHLBRY S
B dE gk A AL, BSNN S AMEBREREETR AN MEBE, BSNN
mEMEEREL BaTiO, RAMNE, BN EEMNEAER. RAT
ErBamr it ElANER XEEAARKIBRERGPEE
B 90° BEZE ZTHMEHBEINEN. BSNN BN ESEHEER, 22—
FRERMNESRERERME,

2% R
N HEBFR (KBS EEAMH), BHEHRIKE, 1978 F.
[2Q]1{*B.AEEHE. HAMNE (EER), BEHREL, 1979 £,
[3]R.R.Neurgaonkar, W.K.Cory J.R.Oliver, Prog. in photorefractive

tungsten bronze crystals, J.0pt.Soc.Am.B. , 1986,Voi3,pp.274-282.
[4] R.R.Neurgaonkar, W.K.Cory and J.R.QOliver, Growth and ferroelec

properties of tungen bronze BSKNN single crystals, J.Cryst.Growth,
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FLE BREERE

§5.1 4#

FRXFEEUTZAAEETTIHR, (DHEHRAFEHHKEE
EHHBORABHRBEFURBN RS FE Sl EMEERERRE
IRAMER. RNARTAEFRAEEANER KB
(Na K)o sBiosTIO, B MBEFEZREERNYESE AN E R EH
Ho (DNHEN B, SR ETTHR, EELEAHBRTEGAM
RS BEERMEME, ARMNIFIRTEREEERENHT HIEH
TRIE. OMERHRNEHANBEMNSHBE (Ba_.Sr.) NaNbsO;
MEETTEKERENSR., G ERAESRENTR, HEAMEE
RTEHNEANEEERREME, RS E8 MR —FiE
.

ABRFARHNIAERNBHNMALERELENMT
1. F A Bi.0:;+Na,CO.+K.CO.fE A EBEN, KEFTNHBAMNERY
THE, ARAEAFAONEMEEANZETHILEA, DXRAXRBETH
MBFRE(MBRAFRE), BHEENALAKEERENEENE
E-BuEEEt, WBEPEKBETRTHA 20X20X 10mn” ) BNTK £
B. XRD #ATH R XN, BNTK RGFAFTANBHRIT &/, MEWHS
HEREHIGEREN, BANENEZFHET AN HEEH, BEHER
BARSR (MPB) MIFF A, H MPB AR A x=0.15-0.20, X 5 X8 #iE K
BNTK B @ M 85 R — B .DSC 47 & B , BNTK g2 4k & 342.33°C Ml 574. 67
CHERIBRHE, WETEANBAAAAZE., X548 NT &G4
B—H, WHBEHTBNTKIs AF=H4H. BNIK RENBESE
1279.7C, £ 600CL L, RAREFMHBATBEHE.
2. AW TEGETFHEAENSRKE. BNTKBREFT IEFENRBERER
B, BERGBERINTHIH. HRERRS, ERREREBN
EEIEZEAREYHRELHS, BESTRNEERS, £KEERSHENA
ATRMATE. BELXBFEYHRELES (DEKEZ. FERBF)
BREHEAEKEPTFHNES, BHAAERKPEE-HER, U
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BEGTVTHEHNAERES., CEMERERE, TUROIRNERBERR
GEMNAH, EIRAERBERKERNER AN EREBSENHEELL
EXFATUERMNEHIAFNRE, BRRS T BRI ST & E L&
HEFENBHTHAIHER.

3. AU BNTK 4N AR L. AENNE, HRER KB, BNTKLS
FMBNTK2O MM B R S XHMBEMEEN -5, E£EKET (250T)
FENBREAE, HERBMBHRFEEUTHAERE S E NG W
BRGBEARETE. TERE (350CEL) BEENMEBREORS.
ERBEET, FESHAEREENNE,. FRATREUEGAK. HEH
EREMEN RAMNHENNBEEREHED. BREABNNEBTHER
R, BTRBEMHERSE, BN MRS S5 MEZNMHEER,
FEAMNNTEERECRATRAIBENNIBEL. I THFESFE
TRARBNAEATFTBS, YRENNMBITHAERSEN XK. EATHA
MAEMBENENMEENEN. MENSBR2ZRENIEE M, Ao
MITHRFURMBBREYEFRSFSIERN, AEEREB. B F
BRAFTHEERSEI N, AEBIMBEHREZEHIREE.

4. Bios(Na, K)o TiO: BHAFRRIMBEBEMER  HEBHEBRER
AL A SR Bios(Na K)o sTiOHME. BEHEFEERTRER
BREIFOFESEAH . AR EHBEARNZTABET M, X MPp 4
M x=0.20 £A, XE XRDA4HM—H. R, BT RERENE
B, AI-&FF+EREH .4 8%, EHEFNONESE, ERE
B F—EEENZLAR. SERTEHNAEHHENKER.

5. ZEWE Bi,.(Na K)o TiO. BAMEBRER daF, EQIDHF A
MEBRAEE, REENOTFRAEERAYEEEH doHWH, X
REMNAR, KT REAIEEDHFEIC BMMER, ElmEpwid
e, S0° BB 4E—ZREMNER, ATERELIOF AN ESRE
BdoBW., RNTUBIEMBENER RIS Eama s,

6. A Czochralski &k, FHBEMK, FHBAESHHE KRR
RATERKETEFRENBSNN Z 4. BEdRHAENEKEERE
AMEEMEE/RERL, TUE LB ONRERENESEREN L
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RIMAEKKY BSNN REN xHERKMTHT DY x=0.60, F&E
HREEF MPB, B EXHETANAE . DSCETRBEEEHN
AN 1436C X R AR ESIMATHBSNN RBEFEE —EHHRS o
B, BMESITHEENMMN, &4 ST/ BLHESLBEEHE .

BSNN B4 RERBRASEKNWERGRRE, EHBERLIESF,
EEKFALE - BEELEFERINAIR. LERPVAH Y
VHRSBERERT, B, FBRABFETHRANESL, BEFEF
.

BSNN RAMBEH KN 355nm, 4% 353nm—1000nm R H 8
EHBELE(>70%). BSNN RE&AZE 632.8nu b 5T B T A 2.004,
/N F SBN B AT 2.3117.

BSNN @M a . b AR c AN BRMEBETLUEFEE, BSNN &
SEEEMEANRE .BSNNRBANEREREMMENEL, BFRE
BY. ERaARNbOVAMNNBAERBREREARETSTELBHE, &
Bl —EMBBRE. 2B HBREBEK. CFERERAMWENNEN
BAARaRAMbDAMI0E. HEEREH Na B THMA, THE
BT SBNGUKNERRE.

MET BSNN RéMAm,. TRURBERER, SB-HERYSE
MR ga kMt BSNN EAMERERBERKMMLBE, BSNN
SHEMEEREWL BTIG.RAANE, BN BEEMNSHER. 4 d
B REMTEAEBRAERAOEE, REARUIBERETHFE
Moo BEEEEHZHMEMBSIEM., BSNN RANERERASE, & —
HARMERKBERMH.

§5.2 AR XM EEGFH A
I, SAKIZHHF . BEKPETIRE ERTRNTNFREER L,
EMAEHEALAREHEHEASORE, ERGEEKMERA T
E—-FHIRE, FEEEENED. ANKZHAWRAAT&E.
2. BFUREETBRAAFSZEKBHTRENRS, EHMERKD
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Bios(Na .K.)o sTiO: 82 &, RFHIE 20X20X10mm’.

3. ERHBOTREAMNMETANIBR . KA THEAAGKRS
RREKBEMNEFE. THEFBRENRAE SN, EABTH
RM B BENRIL,

4, REBENEHHRTTHH,. BEFESENTIE N, EE58b=F
WM, HAERKMERARN x=0.16-0. 20.

5. MBEHEEAP IO BHFLE. EILRBHABHESRE 340
CHS6OCHIEFERITHE.

6., HRAMNBRAEMEBERERTTHNE. HERERETATRA 2
B BNTK &, FHAEXAFR LR EEERREAMNER. 8
MEROBAN, EFMBBRRE, F&45 FHRL.

7. RAEBNTK RENFERLUL T M EFERRMERMER, TUE
AABH ITEEAMBHEHTLE, B ITHEMYBETRHNEE.

§5.3 WA — P HR T H &
I. HTFRBERIET, mATEEFE~ENEBESL, AR, 78
NERRE, ESENINFY, NxERBAERNEN, NMREARE
SEEMIFGRBUEME.
2. BNTK REMHEIT A FEREER, Y EHBEARE ., P FHE
HFRE-SESHBAERIE.
3. RUMEEERAIEY, EHFEZLNUER, DAAREFN %
AN EFERANA.
4, EHAEHIERR, RAERFANERMERE, XHSTHEEE
AT
5. ERBRRMBRTHATAEETHESR, IRERFR, L
RAMFEHERERREMH.
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B W

ARXRESNMEERMBABIERBABRVIRLORHENERT
BITH, RLORBRGBAURAZFRNEE2L ENFELERHNERL
MXOEYF. AUZHZRAME. RETE. BKXES. oL,
I BARBHNERNREEROMFESAFEERBEER. EER
tRBAL, AUZNHRRREZFIOHEH.

BHREZNMERAHARETHELIFAMNER LAOEB. BH
THRERILERNEERRLMET

BWRAEATRAAE. kSRR, AAPBITEREAZD
EFEHRENED. BUIAEBR I AN SBEBETRETHES. B
WHERTENEG R ITMRBANEY. BETXHES L& X—
HEWHETHRAMNIE. BRRABIERFERTES THHA
. BHEETREB. NEBE. KR SHELTHOFY.

ROBBMAKWERT, EREBINMAIRBELINEEN
EREN. BUFABE LTS THED

BHLUAREMHMZEIRERNKRERR IEGGRERR
MEFEMETHRED. BHLEAAZVESHATERAOFEINK
R.OKMTRAR . RAERTER . NBAMNETEHL THEARAED.

BFHEEARAEREIMIKRZEXARABR=-FEXRNEENXRLE
BHY.BREFEEATAEMEMEZRANOHBLIRREREZRE I M
UREXEE LI ER AR RUERIUEIOSTHOREDY.

BN EREARZREERAXRITERBENITE-BHLLE,
FSHEMBEXSENAGENTARUOTE.

B M. RE. RER. BRI, BIR. BHE. 24
X i, SEH. eHEFAFREFEENXLNALY.

BHBNEFAXSNRIANIR. BERANERLH XL, B
B .

HEHEBHEXL. FOLIRHOANKTELEGE .
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