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Influence of composition deviation from around Ba (Zn, ;3Taz/3) 03 (BZT) on superlattice ordering and micro-
wave Q factor were studied. The superlattice ordering ratio (ordered-disordered structure formation) was found
to be dependent on slight composition deviations around BZT. Ordered structure with perovskite single phase
was obtained in the vicinity of the stoichiometric BZT. In this region, the significant high Q factor (Q-f=110000
GHz) was found. Disordered perovskite with lower density and secondary phase in the ordered perovskite were
thought to be the causes of Q factor decrement. Suppressions of the secondary phases and the disordered phases
by strict composition control can provide further Q factor improvements for the BZT system.
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Fig. 1. Compositions of xBaO-yl1/3Zn0O-z2/3TaOs;, around

Ba(Zn,;3Tay ;) O3 in BaO-ZnO-TaOs), partial ternary.
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2, 1/2, 1/2) EEfatanc o, RO 0* 28 3c (0, 1/2, 1/2)
DO=>DFw 5. HAAITIE, Ba*t 2 1a (0, 0, 0) & 2d
(1/3,2/3,2/3) O=50fE% 5%, Zn®t 516 (0,0, 1/2) O—
5, Tas* 28 2d (1/3,2/3,1/6) ®—>, 0> 75 3e (1/2, 0, 0)
& 6i (1/6, —1/6, 1/3) OAODfEEEDSL. ERRKRT O
HRIZAPZETIE Ba?t, Zn?t, Ta’t, 0>~ DIEIC Pm3m Tl
1.0, 1/3, 2/3, 1.0, P3m1 Ci$1.0, 1.0, 1.0, 1.00f# i EE L
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ITFIAY (TYVVE Ty /ay—8) THELL. )
RO & IIRFREE D S TEoyy B — F OILREE SRR A
&, BEEYHM L. £/, QHEIIEAYFLIFrET 4
AL CTEME Ag O+ —7F )L —"7T TEo;s E— F O3t
RICKY, WMEHR QEAIIEL /2. F T ¢ 1ZPIH50 mm,
BE30mm AL, EHIABRO 7 s VAT 5 4 FHOY
e hicEWe., ST Bl TOHEMEA TN T 5
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R factor of Rietveld Refinement Patterns of Powder XRD Data for Composition Deviation Around Ba(Zn,/;Ta,/;;)O; in BaO-

Composition

R facor

Sample xBa0 : y 1/3Zn0 : 22/3Ta0g, crystal structure model : trigonal and cubic Phase relation
z Yy z S Rup R, (Powder XRD)

A A 1 1 1 1.859 17.42 9.37 Ord > Dis

8 099 1.01 1 1.7024 16.23 9.54 Ord> Dis +S
Cc 0.98 1.02 1 1.7489 16.45 9.4 Ord> Dis +S
D @ 0.97 1.03 1 1.8599 17.71 9.52 Ord> Dis +S
E 1.01 099 1 15974 14.96 9.36 Ord > Dis

F 1.02 098 1 1.5287 1433 9.38 Ord < Dis

G v 1.03 0.97 1 1.2613 11.8 9.35 Ord < Dis

H 4& 1 0.99 1.01 1.6663 15.88 953 Ord > Dis +S
1 1 0.98 1.02 1.8007 17.08 9.49 Ord > Dis +S
J @ 1 097 1.03 1.8456 174 9.43 Ord > Dis +S
K 1 1.01 0.99 15665 14.68 9.37 Ord > Dis

L 1 1.02 0.98 1.8641 17.92 9.51 Ord < Dis

M v 1 1.03 0.97 1.3515 12.58 9.31 Ord < Dis

N 0.99 1 1.01 1.7456 16.87 9.66 Ord > Dis +S
(o] 0.98 1 1.02 1.8795 17.92 9.54 Ord > Dis +S
P ©) 0.97 1 1.03 2.0656 19.39 9.39 Ord > Dis +S
Q 1.0t 1 099 1.32 12.31 9.33 Ord < Dis

R 1.02 1 0.98 1.2924 12.2 9.44 Ord < Dis

S 1.03 1 0.97 1.2755 11.99 9.4 Ord < Dis

Ord : Ordered perovskite (trigonal) ,

Dis : Disordered perovskite (cubic) ,

S: secondary phase
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Fig. 2. Powder XRD patterns (2 §=10-70/°) of xBaO-y1/3Zn0O-z2/3TaOs,.
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Fig. 3. Powder XRD patterns (2 §=around 114-115/°) of xBaO-y1
/3Zn0-z2/3Ta0s,.
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(1) almost orderd structure (trigonal)
z=1.00
in xBaO— 1/1/3ZnO—22/3Ta,05
5=1.5974
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(2) almost disorderd structure (cubic)
sample:G x=1.03, =097, z=1.00
in xBaO— y1/3Zn0O~—2z2/3Ta,04
S=1.2613
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Fig. 4. Rietveld refinement patterns (2 6=10-150/°) of Powder
XRD data for xBaO-y1/3Zn0-z2/3Ta,0s ceramics. The calculation
and observed patterns are shown on the top by the solid line and the
dots, respectively. The vertical marks below the patterns indicate the
positions of allowed Bragg reflections (upper: disordered type, lower:
ordered type). The trace on the bottom is a plot of the difference be-
tween the calculated and the observed intensities. (1) almost orderd
structure (trigonal) x=1.01, y=0.99, z=1.00 (2) almost disorderd
structure (cubic) x=1.03, y=0.97, z=1.00

100 @y (=2-z), =10
9 T
80 [
70 [
60 [
50 [
40 oz (2m),
30 \

20 [ Ko™
10
0

ordering ratio/%

i Y
X @a 2. 2=10 *‘\

096 097 098 099 1 101 1.02 1.03 104

composition deviation

Fig. 5. Ordering ratio dependence of composition deviation around
Ba(Zn,;3Ta,/3)0; in xBaO-y1/3Zn0-z2/3Ta0s,, system (x+y+z=
3.0).
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Fig. 6. Rietveld refinement patterns (2 #=around 114-115/°) of
Powder XRD data for xBaO-y1/3Zn0O-z2/3TaOs), ceramics. The cal-
culation and observed patterns are shown on the top by the solid line
and the dots, respectively. The vertical marks below the patterns indi-
cate the positions of allowed Bragg reflections (upper: disordered
type, lower: ordered type). The trace on the bottom is a plot of the
difference between the calculated and the observed intensities.
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Fig. 7. Partial ternary phase diagram around stoichiometric
Ba(Zn,;sTa,;3) O3 in BaO-ZnO-TaOs/, system. S shows presense of
secondary phase.
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7o, COMOMBEEIRTIE, 7.0 g/cmd DL O E B O BERE
HRIELNS. CNLARLKEEOZENIE, HES A v OQD
x By HLO2EGH, @ 00.99~1.00F 3 T D >3 > 75 48 B
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Fig. 8. Density dependence of composition deviation around
Ba(Zn,;3Ta,/;) O3 in xBaO-y1/3Zn0-z2/3Ta0s), system (x+y+z=
3.0).
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Fig. 9. Ordering ratio vs Density on composition deviation around
Ba(Zn;;3Tay;3) O3 in xBaO-y1/3Zn0-z2/3Ta0s), (x+y+2=3.0).

HL Wb, fLFEEiHILD Ba(Zn,3Ta,y;3) 05 DY fr, BERRFR]
DM (~100h) IZff-> TRACHEELL, =XV V7 b
TS BN 22T, =R TR EEE Y OBGRE
HAEELHERERICRT. A—X UV ITERPENLDT
i, BEAEVWERZAD D, mEOBICIIEEESED LN
L. L1ch->T, MTIC, BEBEOEEZBLLGbE5 L,
AHEANF O FEIK T TIRHAK < (95.0~6.0 g/cm?), HLRITY O
L OEEy (>7.0g/em?) il snsb. COLDA—F
U7 LEE (BERSYE) L OBIENL, k¥Rt Ba(Zn),
Tay;) O3 HBERIFMIC L O A —F ) v 7 BB S 728557 &
ML Tho7z. INHHABPBEICRE/{TE LA EL T,
BN ST R 7 B O KT, ABEHT & 0 #ED 2 kA2
MRIND T EnD, 2ERMEPBERKIA & L TE5 L 50
LMo -2 L TEZLNS. L2LENRDL, F—X1
V7 EEE (bR S OBEMS, FNOICKIHEAET A
HIZOWTHE, FEAEVELRIIESINTELT, B<Dbho
TWiz\. TNHOMIHICIE, Ba(Zng;Tay;) Oy DBEFEEERE O
DY, SHBREAZINZALERBL EEZLNS.

3.3 LFEFMEMNI O DOWNRHERENY M 7 DKRFER

HAREFTHELHUEERD 2 KB L OBEMN

<A 7 ORI B AB BRI A 4V o B R 7o 6
A XV ORFARB OB R K E W E SN TWAE?Y . Ba(Zn),
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Fig. 10. Microwave dielectric properties dependence of composition
deviation around Ba(Zn,;;Ta,/;;)0; in xBaO-y1/3Zn0-z2/3Ta0s),
system (x+y+z=3).
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INFETHRRTE/A L DIZ, Ba(Zn;3Tay;) 05 Db Rl
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<, INGLOFFERE~ A 7 i ERt & ORI OWT
BEtL, BoncmRAE L TIIclN%.
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. Ba(Zn,;3Tay;)0; (A) Tlide,=29.7, Q- f 1371361 GHz
DENE LN TS, TOEBEOMBEIK CldMkEIC - T
<A 7 EHEREEITEEL, FIC O fKKiE#20000~110000
GHz O K E R EOEH =L, Q- fERFERLD
Ba(Zn,;3Tay;;) O3 ETIEE L, BN AICHE-> TR N4 AR
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IR O EER, S A vOTiEx=1.01 (E) T, &
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120000

oD v (=2-y). z=10 PR
X@ y (z2-z), x=10 ’l L4 \\
100000 [| 8@ = G2=), y=10 X
] 1
(1)0rd > Dis —— \ H
N 80000 [ \ ;
5 (1) Ord > Dis +§ \-_/
> 60000 | JORTN
\- l,’ . X\\
& | (1) Dis > Ord ;s \
40000 i '
| e |
x H
20000 [ 8 Le Tomo N “ea
S A 4 Sear
0
0 20 40 60 80 100

ordering ratio/%

Fig. 11. Q-f vs ordering ratio on composition deviation around
Ba(Zn,;3Ta,/3)O; in xBaO-y1/3Zn0-z2/3Ta0s),. S shows presense
of secondary phase. Ord: Ordered perovskite (trigonal), Dis: Disor-
dered perovskite (cubic)
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Fig. 12. Q-f vs density on composition deviation around Ba(Zn, 3
Ta,/3)O; in xBaO-y1/3Zn0-z2/3Ta0s), system (x+y+z=3.0). S
shows presense of secondary phase. Ord: Ordered perovskite
(trigonal), Dis: Disordered perovskite (cubic)

(= 4 @D K) Tlid ZnO 733> 2T EF 70 SR IS (2B
. —7, MRS AVOTIE, QfEOREMEIE, HMEZ A v
Q@ LI EL Y, {LFERMAKD Ba(Zn,3Tay3)0; (A) TH
HNTWBED, ZOMBET A VOIFHK T A v OODEIC A7
L, A (xBaO-y1/3Zn0-z2/3TaOs), (72721, x+y+2z=3))
OEFE, MBUSORRAHEE S A v OQ XD LA %5 T
B. L7ah->T, BEOMBICH S it aEET 5L, M
A OQTRIN/Em QEDMHBFEITALS A O
b GBS E & K B#SARHER) CLHFETHEEZLNS.
Pk, @\ ofEi (Q-f=100000) (%, {5 &Eamwito Ba(Zn;
Tay3)0; (A) 11 &b F I TaOs, 347\ Ba BT Zn D
HRAOFEE THOLNTWASR, TDLD7% QEOELDK
Heet+ 5720, Q- fEeA—%0 v 7 & OB,
K212 Q-f 1E L BERE RO B E 2 4 | /o R A Rd. ThbD
KIZHEWT, 2RHOHTH DA DN RNCIE, 2 efeel
TAL TwWa. MILED, & o fHEE, suwtr—xyvr
ROBRKBTHELNTWAL I LB »50, RBREICAH—XY
7 U7cilBHE T K E R ZEBHOME (Q-f=20000~110000 GHz)
b, Fl, KXY, F—F U7 LEEEEOEE L1
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X ORI EM A B B 72, @ O-fTHIE, SVWEEDORE
THEOLNAER LT > TWAS. T bHiE, FifTEEOIR
L7z, BERREfEI 2 2 b S &7 Ba(Zn,;3Ta,;)0; TOEEL O-f
& & OB LR THS.

HAIB A ZERIC, BOWEEICL22bLFEY O fFE (<
60000 GHz) #7325k, MERXRD X% — kb, 2
FHEPHERING. T7abb, KT CTRUCFHBEII T3t —x
VY7 LT ThEy QEAHELN TR, Lcdi->T
AT AL AR RNC B0 5 Q i 4 E) (2~60000 GHz)
DERIT, 2KHEPELFHERTHD, QEOE 2 KON H
LZONMBEOFR SN RIF LB LE2 DN, £, KT
0, 1S A O QDK I T, {b#EamIto Ba(Zn, ),
Tay3)0; (A) LV L@V QEEZRTHABRLBE LN/, Th
%, 6 rOEKERNS Ba(Zny;Tay ;)05 (A) IZ5 K FHET
HREEEZONL. COBRKOBERE L T, BEMEEO%E
R —F Y VI RIIFARETHAHZ E1D, MOEROES-
NEZONS. Filk L7z kDI b5 &t Ba(Zn,3Tay;) O3
2 KHDHT 3 2 BB I IS4 5. Do
perovskite #7213 Tld 7 <, XRD O#HIRALLIT D 2 YKAH 7
ELTWLAREELZEZONS. RAIBFEHRCTHLEL T 52
THEDHEIK L IZ 3500 5 QEABO—ERNTH 5H Z Lidwid L
7o, RRRIC, L8R Ba(Zny;sTay;;) O3 THMEL 2 K
WAL TOC, BEMAOER 7 - TS AL 2
bNb. BAHWE, EBEOREHL, AT AFORETH
EHBEPOEDOINICEHL CAHIELEZLNS. TO
G, LBV OMEOMEA2EREN VL, LFERLO
Ba(Zn,;sTay ) O3 IV EE Z DNAD, WTnick X, MK
R MR 2 KOG LICEAL, Ehsladzinzg s
WERBDDH. —T7, RHEABPZER) CF—2 0 v 7 RKPEN)
7o I I %, perovskite IS RO B —HPBE I NLHH Q- f
B N TRV (Q-f<20000 GHz) %74 . CHILH[H T
W L 7oAk mEim O Ba(Zny3Tay ;) Oy 1T 3510 5 R AN EL O ff
LRIBREOE\ Qi L HETH A . T ORERNE O 11
T, BREAOEELENT EHE, KOEE (KILOFE)
DOSBEERERTIHFFLEZOLNS. LErLEHED, Th
OHEROFSOSHITETE LY, ChoOMTICL, 4
BELLRHAPNEEEZ DN,

4. ¥ B

Ba(Zn,;3Tay;3) O; DAL FEFmMABLIEE T, MRET b4
7olE A 2 G L 72, S D OBREORE iR % K XRD
LY=L MRS RTINS L. =% U V7 REDOE
Bl R O 2 AR, < A 7 AR & OB
Biat U 7cks R, UTomANIE L.

(1) Ab=fEi It D Ba(Zny;3Tay);) Oy 3T 55 Tl ML B I A
WV, REAIBEAAGHAM E TL AR IN. b LD, 1k
FEm D Ba(Zny;3Tay3) 05 7 B DMK AR A — XD /7 D—
BREI2 DB EDPHL P ETR - T2

(2) HHM (F—xv 7R §80%) OBE—MHIL, 1Ly
i lb D Ba(Zn5Tay;) Os BrIT 5D Ta 1N E 75 Ba & Zn @il
DORRE I N/FHR TOAE I N/, &V QfE (Q-f=100000
~110000 GHz) ¥, COfIICHSWTHRII N .

(3) FHAF (F—xV 7R =20%) OE—HH, HAI
O LD b Ta R KU Ba @FI R ORI~ I & L TEK
IN/z. TOEKTIE, QfE (Q-f<20000 GHz), BE#EADE
B (<6.0g/cm?) (I TFAHRL 7.

(4) —75, Ta@REFLTE, HAUR (A—FVv 7R
80%) L fuie 2 AT IAFL Tn/e. HANAY 23S ARy T
HoThH Tk 2 RBDOFIEN QEEET (Q-f<60000
GHz) S+7-.

UEDHEDI G, HBAEIC X > TR SN A EEOECTH
AR RO 2 RAHOFAAES A AT, K\ QfERRd C &
PGP EIEo7z. Ko T PGB EBAMIC & - T
wi e, TNOOBRAERZBECHHS LI LIk
D, HixhE Q MEIOTTREM AR S 7.
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