DRAM SRAM

(multiferroic)

(magnetoelectric effect, ME) ™
microwave devices sensors transducers

heterogeneous read/write devices BiFeO;

(1)



(2)
(3)

(4)

()

(6)

(1)
(2)
(3)



BarliO;, BTO

(BaSr,Ti0O3, BST) BTO

dynamic random access

memory DRAM 3 sensor data storage
resonator phase shifter
filter [*©
NiFe,O, NFO
BTO  NFO BTO (BST)
" NFO Co  Mn(NCMFO) g
(solid state)

- (sol-gel method)

(pulsed laser deposition, PLD)™



BST-NCMFO
(Bay sSr0.4) TiO3-(Nig 9C0g 03MNg 07) FEO,
XBST-(1-xX)NCMFO x=0 25 50 75 100

mol%

NFO

NCFO NMFO

[10,11]



2-1-1 (Ba,Sr)TiO3
(BTO)
(perovskite-type) ABO;
2.1 A( B B (Ti")
O A O
B @) A @)
B
2,21
2.34
130 (paraglectric)
130 (Curie temperature)
(tetragonal) 0
(monoclinic)
-90

(Ba,Sr)TiO; Bunting 14



BST BTO

(STO)

(1)
2 (domain wall)
3)
(4)
(5)

@D A

(2) B

€) A B

St

Zrt sn*

BTO

[15]

Po%

cat



2.2 (100)
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2-1-2 (polarized mechanism)

2.4
[15-16] 25
(1) (electronic polarization)
(2) (ionic polarization)
(3) (dipole polarization)

(elastic restoring
force)

(4) (space charges polarization)



10



kl‘

1013 ]011

10°
Frequency

10%

2.4

1



2.5



2-1-3

(1) (dielectric constant)
Q( Coulomb)
Q=C’V (2-1)
\Y C
. A
C = — X
€ 3 (22
A d €

-12
£ o 8.85 x 10 (F/m)

13



¢ -8 _C ,
"Te, C, (2-3)

e (relative dielectric constant)
n
. A,
C=& & 3 (n-1) (2-4)
[17]
(2) (dielectric loss)

(losstangent  tand)™*

tand == (2-5)

Q (quality factor) d Q

Q

tand

14



(1) (ion migration losses)
(2) (ion vibration and deformation |0sses)
(3) (electron polarization losses)

2.6

tand

10" Hz

15



Tan § ——>»

2.6

%11 %) R e

1|51_¢/2’r

108 108 10 102
#id: (cycles/sec)

tand

16



2-2

2-2-1
[19]
(1) (orbital motion)
2.7
Mo
M, = ehn
4pmc
(2) (spin momentum)
2.8
M
M s - i
4pmc
h m

17

(2-6)

(2-7)



(3)

2 9%

18



B RS

m, —¢

M,
2 EH B R B R

2.7

L EESEL N |

B T2 B e A fh 5 B iEkiib

2.8

19






2-2-2

2107

M(saturated magnetization)
0
(remanence magnetization)
c

( ) Hc (coercivity)

21

(domain)
(hysteresis 1oop)

@) a



Reterivity
Coecy  /
\ f
H
Magrelizing Fors:

I Opposite Dinecticn

Satureticn
In Opposita Direction

2.10

Flue Densty
—B n Jpposits Directicn

Magne1zn] Force



(1)

(2)

(3)

2120

(ferromagnetism, FM)

- (Curie-Weiss Law)
C
A S (28
C T T,
(paramagnetism, PM)
C
X=3 (2-9)

(antiferromagnetism, AFM)

23



(4)

()

(ferrimagnetism, FIM)

[22]

(diamagnetism DM)

24



B-C~Si~Ge -
NaCl. . .

Ca~Mg-V. ..

FeMn ~ FeS »
NiMn . . .

Fe ~ Co ~ Mg »
Tb~Gd-Co. . .

7 43 R a P IR Bz R A A %) 45 A 1k B A P
2 —— — - - = —_— — —
8.4
—_ — — — — — —_— —
Fa
[%;]E ﬂg\@ — — — - = - — —
Big | Ik 1x Ms Ms Ms
A )
1’t %U \-r/" ”,;1;'2{ 1‘(
g | [T e i N/
— T T — T — T —_— T
{E'Ht Ty Tc
3
B4 M M M M M
) [}
| 1 y
[ {7 |—
i ,' |' .'
|I | I\II
Cu~Ag Au- | AbSn~Li*Na~ | Cr » NiO ~ | MO+Fe,05~Ni~ | Fe~Co~Ni»

NiFe » SmCo -
NdFeB . .

25



2-2-3 (NiFe,0,, NFO)

(NiFe,O,4, NFO)

MO Fe0O; NFO

Bragg  Nishikawa

24
NFO 32
o4
32
Fe,0;
Agte Badte

[23]

(Spinel)

26

(spind, MgAILO,) 1915

211
32
64 32
(FCC)
1/8 Fe**
Ni* 8 Fe*
A dte B gte

0.055 nm ~ 0.09 nrm

(super exchange)



A B O
125 A-O-A B-O-B
(Hund rule) (Pauli exclusive principle)

A B Ned

[24]

27



.-i:::-...i-........I....‘.'.....q......-.... B

[

AB,O4spinel The red cubes are also contained m the
back half of the unit cell

211

28

Oxygen

B-atoms
octahedral sites

A-atoms
tetrahedral sites



2-3 (magnetoelectric)

2-3-1
Fe;,B-0,5Cl

Mn,B;04;Cl =

d d

(off centering)
[26-27]
(BiFeO,;) BiFeO; 2.121%
(2] BiFeO,
doping

2.2 [30-38]



doping

BiFeO;
BiFeO;
(BizFe,0s7) (Bi,Fe,00)
BiFeO;
[39,40]
Doping
BiFeO;
doping

BiFeO;

BiFeO;



M1
(0011

Direction of P1

Q Bi' cations

Y
o Fe™ cations

¢=]39A

[10]h

[010]h

(a) Crvstal structure

Anriferromagnetic
vector

(111]e
ﬂum]h

Spin up and down
T (tion plane

Mirror plane

(I10)e
[010]h

[010]h

[110]h

(100]h /! Spin crianlalion

{h) Magnetie Structure

212 BiFeO;

31

& Magnetic cation Fe*



2-2 BiFeO;

(nm)

Bi(83) 3 0.96 X X
Fe(26) 2 0.74

3 0.64 X X
Cr(24) 2 0.77 L eakage current 30, 31
Mn(25) 2 0.8 Magnetization 32,33
Co(27) 2 0.72 Magnetization

3 0.63 Polarization
Ni(28) 2 0.69 %

3 0.58
Cu(29) 2 0.72 .

3 0.54 Polarization
Ti(22) 4 0.68 Polarization 35, 36
La(57) 1 1.39 Leakage current 37 38

3 1.15 Polarization ’

32




2-3-2

interface

2-3%

(Bay6Sr0.4)TIO;3 BaliO;

74192 (Nip gC000sMPo.7) F&:04

NiFe,0, Co Mn (8l

2-4 BST BTO NFO NCMFO

BST BTO
10809

10.54 emu/g



2-3

BaliO5-CoFe0, Solidification 43,44,45,46,47

Eutectic unidirectional
BaliOs-NiFe,0O, Solidification 46,48,49

Eutectic unidirectional

Ceramic sintering
BaliO5-Ni(Co,Mn)Fe,O, | Ceramic sintering 50
BaPbTiO;-CuFeCrO, Ceramic sintering 51
PZT-NiFe,0O, Ceramic sintering 52
PZT-NiZnFe0, Multilayers by tape casting | 52
PZT-CoFe,0O, Ceramic sintering 52,53
PZT/polyvinylidenefluoride | Multilayers by tapecasting | 54
(PVDF)
and Terfenol-D/PVDF
Pb(MgysNay3)O5-PoTiO; | Multilayers bonded epoxy | 55
(PMN-PT)/Terfenol-D binders

Pulsed laser ablation
PZT-Tb-Dy-Fe aloy Multilayers bonded epoxy | 56
(Terfenol-D) binders

Pulsed laser deposition
PZT/L&ay7SrosMnO5 Multilayers by tape casting | 57




2-3

dielectric constant| magnetization
aTc (emu/g)
1. BaysSro4TiOs-NiFe,O,
BST=85% 9660 2.96 58
BST=70% 7960 8.24
BST=55% 5490 10.54
2. Bali03-Nig 4C0p 0iMNg 0sF€,0,4
BTO=85% 10809 X 59
BTO=70% 9471 X
BTO=55% 1308 X
3. BaTliO3-Nipg3C00,0,MNg 05F 6,0,
BTO=85% 6000 1.66 3
BTO=70% 4500 4.94
BTO=55% 1500 9.76




2-3-3 (magnetoelectric coupling effect)

(magnetoelectric effect, ME) Landau theory
E H [60]
® ® S S 1
F(E,H)=F,- P°E - MiHi-EeoeijEiEj
1 HH -a EH
anm, i j i i (210)
1 1
'EbijkEiHij'EgiijiEjEk'...
€ o Mo a j B vy
2.8
Ei Hi 0
P=a H +1b HH +
AT TSR e
(2.11)

1
mM; =a;E; +§gijkEjEk +.e

P M, (polarization) (magnetization)



2-3

(1)

(2)

(3)

doman gze

interface

37

ME



(solid state method) - (sol-gel
method) (BST) (NCMFO)
- 31 32

(X)(Bao6Sr0.4) TiO3-(1-X)(Nip.9C00,03MNg o7) FE,0,4

X

=0 025 5 075 1

XRD

SEM TMA

VSM

3.3



Ba(CHsCOOH), | | [(CH3),CHO],Ti (CH5COO),Ni
Sr(CH4COOH), (CH;C00),Co
(CH,COO0),Mn
, 150
30
60 Fe(NO3)s,
150 30
1M 1M
80 80
750 750
v
BST NCMFO
PVA
A
1400
3.1 Sol-gel



BaCO;, SrCOg
TiO,
10ml

10

1100

CoCQOg3, NiCO4
M nC03, Fezog
20

1100 3

BST NCMFO
PVA
1400
3.2 Solid state




XRD

SEM

TMA

33

a4




(1) Barium(ll) Acetate ( ), Ba(CH;COOH),, 99.0 % .

(2) Strontium(l1) Acetate 0.5-Water ( ), Sr(CH;COOH), %HZO,
99.0 %.

(3) Titanium Tetraisopropoxide ( ), [(CH,),CHOJ],Ti, 97.0
%.

(4) Nickel(Il) Acetate Tetrahydrate ( ), (CH;COO),Ni 4H,0,
98%.

(5) Cobalt(l1) Acetate Tetrahydrate ( ), (CH;COO),CO 4H,0,
99%.

(6) Manganese(Il) Acetate Tetrahydrate ( ),

(CH;COO),Mn  4H,0, 99%.
(7) Iron(l1l) nitrate enneahydrate ( ), F&(NO3); 9H,0, 99%.
(8) Acetic Acid ( ), CH;COOH, 99.7 %.
(9) Ethylene Glycoal ( ), HOCH,CH,0H, 99.5 %.
(10) Polyvinyl Alcohol # 500 (PVA), [-CH,CH(OH)-]...
(11) Barium Carbonate ( ), BaCOs, 99%.

(12) Strontium Carbonate ( ), SICO;, 97%.

42



(13) Titanium(1V) oxide ( ), TIO,, 99%.

(14) Nickel Carbonate ( ), NiCOs, 45~50%.

(15) Cobalt(11) Carbonate Basic ( ), XCo CO; yCo(OH), zH,0,
47%.

(16) Manganese(11) Carbonate n-Hydrate ( ), MNCO3; nH,0O,
41~46%.

(27)Iron(l111) oxide ( ), F&03, 99%.



3-2-1

(1) BST

PE 10 m

100

1100 2

(2) NCMFO

20 PE

1100 3

3-2-2 -

(1) BST

BST

NCMFO

M



(2) NCMFO

150
(FE(NO3)s)
NCMFO
120

750 1

Iml

M BST

BST

30

150

100

750

M

NCMFO

NCMFO



2
18
10wt% PVA
BST 10wt% PVA
140 kg/cm2
15mm smm
15mm 1mm
4mm 2mm
1400 2
NCMFO
31

BST
PVA
80
1
0.7
0.2
3
BST

NCMFO

BST

3.7



31

BST
(Mol %) (hr)
0 72
25 o4
50 36
75 10
100 2

a7




34

3-4-1
(theoretical density)
(relative density) NCMFO 88%
90%
3-4-2 X (x-ray diffraction, XRD)
X-ray (Shimadzu 6000)
CuKa (?=1541838 A)
40 KV 30 mA 200~70O 50/min
3-4-3 (scanning electron microscope,
SEM)
Hitachi S-4200
5% + 95% 20
10 kV 1000 10000 30000
15 kV 100
k



3-4-4

(TA 2940)

3-4-5

MHz

3-4-6
VSM

Oe

3-4-7

6 GHz~13GHz

(thermal mechanical anal
5mm x 5mm X 3 mm
(a)

180

ysis, TMA)

10 /min

(Agilent 4294A precison impedance anayzer)

40 Hz ~ 30

(C, = eyeA/d, & = 8.85x10°F/m, A

(vibrating sample magnetometer, VSM)

moment( magnetization, emu/q)

49

-8000 Oe~8000



1400 BST NCMFO
BST NCMFO
BST NCMFO
90%
BST 1400 2
NCMFO
1400 NCMFO
90% 4.1 NCMFO
BST 2 65%
72 NCMFO 86%
90 87% 1400
NCMFO 72
BST NCMFO 1400
NCMFO 31 BST 2
NCMFO 25 mol% 10

50 mol% 36



75 mol% A NCMFO

72 4.2

BST NCMFO NCMFO

SEM

51



Relative Density(%)

Relative density(%)

90

85 -

75 A

70 A

60

0 20 40 60 80
Sintering time(hr)

4.1 1400 NCMFO

100

96

—e— sol-gel method
—&— solid state method

94 -

92 A

90 1

88

86

4.2

0 20 40 60 80 100
BST percentage(mol%)

1400

52

120



4-2 XRD

XRD

BST

NCMFO

BST

1400

4.3 4.4

(1000 (110) (111) (200) (2100 (211 (220
(220) (311) (400) (511) (440
0 mol% 75 mol%

50 mol%



*BST — 100%BST
+NCMFO | —— 7504BST
— 50%BST
— 25%BST
110 — 0% BST
2
%) 200 211
g L R | A
— * * + * _I|_ I % * *
X T 3 SO S
N -l-"'--u;c WWMW
311
220 ) 400 S1L %0
20 30 40 50 60 70
20
4.3 1400
XRD



Intensity

*BST —— 100%BST
+NCMFO | —— 7504BST
—— 50%BST
— 25%BST
— 0%BST
110
100 111 200 210 211 220
A A " A .
* N A I S A
A * * N
B T S o o Havrmermnert
MM
220 311 400 e 2
20 30 40 50 60 70
20
44 1400
XRD



1400

SEM 4.5 4.6

1000

- 25 mol% BST 100 mol% BST

100 mol% NCMFO

NCMFO
NCMFO 4.2
90% 90%
NCMFO
10,000 SEM -
4.7
4.8 BST NCMFO
NCMFO 75mol% 50 mol% 25 mol%
SEM EDS
NCMFO BST
49~ 412 4-1
BST NCMFO



NCMFO 2891 nm BST 1712 nm

57



(a) 100 % BST - 0% NCMFO (b) 75% BST —25 % NCMFO

s

ke ALY
% AW o
SEI 150kV  X1,000 10um WD 11.8mm

80KV X1,000 10um WD 12.2mm

SEl 150kv  X1,000 10pm WD 122mm

(d) 25 % BST — 75% NCMFO

1,000 10um WD 12.3mm

4.5 - SEM

1000



25% NCMFO

(a) 100 % BST —0% NCMFO (b) 75 % BST -

80KV X4,000 um WD 10.3mm X1000  10pm WD 11.5mm

CMFO

1: »
o, AP by

SEI 120kV  X1,000 10um WD 12.1mm

4.6 SEM

1000

59



(a) 100 % BST —0% NCMFO (b) 75 % BST — 25%NCMFO

SN (AR R
. - il 3 ‘_




(a) 100 % BST —0% NCMFO (b) 75 % BST — 25% NCMFO

= A ey Ty

4.8 SEM

10000

61



s00nm Electran Image 1

Spectrum 1 El ement W a ghto Yo A toml C° Y

‘ O K 304 995
Mn K 177 1.68
Fe K 78.27 73.30
Ni K 16.92 15.07
Totds 100.00
Ul Scale 342 cis Curzar, 0.000
49 - EDS

62



15,0V X10,000 Tum WD 12.7mm

Spectrum 1 El ement Wa ght% Atomi c%
O K 4116 71.53
Ti K 3725 21.62
S L 2159 6.85

Totas 100.00

ulScale 4120 iz Cursar, 0.000

4.10 - EDS



SEI 120KV X10,000

%

) Mn___._x.“..__l..i T

0 ? 4
Ul Seale 1110 ¢tz Curaor, 0,000

2um ! Electran Image 1

ElementWeight%  Atomic%

O K 2342 52.12
MnK  3.86 2.50

Fe L 4151 26.46
Ni L 3121 18.92

Totas 100.00

411

EDS




il | ElementWeight%  Atomic%

O K 1855 54.01
Ti K 2399 23.34
Sr L 1641 8.72

Ba L 4105 13.92

Totds 100.00

ull Scale 3640 cis Cursor, 0,000

412 EDS




4-1 NCMFO  BST
Sol-gel method Solid state method
BST NCMFO BST NCMFO BST
(nm) (nm) (nm) (nm)
0 1177 X 2664 X

25 1072 172 1780 456

50 1434 500 2891 405

75 1191 491 2035 431
100 X 469 X 1712




4.13

NCMFO

100 mol% NCMFO

4.5 4.6

NCMFO

NCMFO

67

NCMFO

BST



12
—e— sol-gel method

= 30lid state method

11 -

10 H

6 T T T T T

0 20 40 60 80
BST percentage(mol%)

4.13

100

120



40Hz~30MHz 4.14 4.15 -

- 25 mol% BST
50 mol% BST
4.16 417 -
50 mol% BST 25 mol% BST
418 10MHz
BST
BST BST

- BST-NCMFO 25 mol%

69



50 mol% 75 mol%
BST NCMFO BST
8l
NCMFO BST
5 mol% 75 mol% 25 mol%
BST-NCMFO
50 mol% 50 mol% 25 mol% 75 mol%
419 10MHz
[59,61] BST
BST 25 mol%
BST 50 mol%
BST NCMFO
BST [17]
BST
[62] BST 4.20 4.21

70

25 mol %



BST 75 mol%

75 mol%

353.68 0.0351 - 75 mol%

169.81  0.002

71



1200

—— 100 mol% BST
— 50 mol% BST
- — 25mol% BST
S 8001 —— 0mol% BST
B
C
8 600 -
©
3 |
T 400
&)
0 B
1 20 30
Frequency(MHz)
414 -
1800
—— 100 mol% BST
1600 - ——— 75mol% BST
1400 - — 50 mol% BST
- | — 25 mol% BST
S 1200 —— 0mol% BST
2 1000 -
(@]
g 800 -
8 600 - \
o
O 400 A
200 +___
0 R
1 20 30
Frequency(MHz)

4.15

72



Didlectric loss

Didectric loss

1.0

0.8 1

0.6 1

0.4 N

0.2 1

100 mol% BST
75 mol% BST
50 mol% BST
25 mol% BST
0 mol% BST

0.0 K—'—-——

1 10 20 30
Frequency(MHz)
4.16 -
1.0
—— 100 mol% BST
08 —— 75 mol% BST
: —— 50 mol% BST
— 25mol% BST
0.6 1 —— 0mol% BST
0.4
f—
0.2 _/
P——
0.0 —— —
-0.2 T T T
1 20 30
Frequency(MH?z)

4.17

73




dielectric constant

diglectric loss

800

*  sol-gel method °
—e— solid state method
600
400
200
0
0 20 40 60 80 100 120
BST percentage(mol%)
4.18 10MHz
0.4
—e— sol-gel
—&— solid state
0.3 A
0.2
0.1 -
0.0 A
0 20 40 60 80 100

BST percentage(mol%)

4.19 10MHz

74

120



Didlectric constant

Dielectric constant

300
250
200
150
100

50

4.20

800

600

400

200

421

—&— Dielectric constant
—&— Dielectricloss
0 20 40 60 80 100 120
BST percentage(mol%)
- 10MHz
—e— Dielectric constant
—&— Dielectricloss
0 20 40 60 80 100 120

BST percentage(mol%)

10MHz

75

0.4

0.3

0.2

0.1

0.0

0.4

0.3

0.2

0.1

0.0

Dielectric loss

Dielectric loss



VSM
-8000 Oe~8000 Oe -
4.22 4.23
( )
2-2 NCMFO
NCMFO
- NCMFO 56.9989 54.1359
BST
4-2

4-3 (coercivity) NCMFO
NCMFO NCMFO 25
mol% 108.74 Oe

NCMFO 50 mol% 89.24 Oe

76



M oment(emu/qg)

M oment(emu/q)

60

40 -
20 -
O .
-20 A — 100% BST
—— 75% BST
1 —— 50% BST
40 — 25% BST
—— 0% BST
'60 T T I 1
-10 -5 0 5 10
Field(kOe)
4.22
60
40 -
20
O -
-20
100% BST
-40 A 75% BST
50% BST
-60 A 25% BST
100% NCMFO
-80 : : .
-10 - 0 5 10
Field(kOe)
4.23



4-2

Sol-gel method Solid state method
BST

(emu/g) (emu/g)

0 54.1359 56.9989

25 35.645 40.2849

50 23.3023 26.6869

75 10.3856 12.4985
100 3.4885¢° 5.026€>

78




4-3

NCMFO SO'-Q?IOrg)ethod Solid st(a(t)ee )method
0 X X
25 108.74 83.99
50 80.45 89.24
75 86.23 77.27
100 53.04 A4.43

I




4.24
(7€)
GHz (9
4.24 (3)

BST

10 GHz

4.25

@

10 GHz

@

10 GHz

75 mol%

BST

BST

7 GHz

(d)

?€

6GHz~13GHz
7 GHz (b) 8
(d) 12 GHz
BST NCMFO ?¢é
5 mol% 25 mol%
?é
75 mol%
75 nmol% ?€é
?ée
(b) 8 GHz (c)
12 GHz



(a@ 7 GHz (b) 8 GHz
016 008
014 {7 100% BST —— 100% BST Q
" meOuenes 7504 BST /A 006 { ~wewbuunes 7504 BST
012 { ——+— 5% BST / —-—+— 50% BST
010 { ——4—~ 25% BST fe? 004 { ——t— 29% BST
Y % BST .,}r P 0 | —-=a— (BST
006 | g
- 000 1
004 }.r-:r‘- : 7
o A / 9_|‘ "/74\* 002 4 .
Sl J "
000 1 T =y g * 004 - )
O 0! Y
002 .‘\_:&_,_,./ // ",
V¥’ -006 { L
-004 1 =
-006 T T T T T T -008 T T T T T T
00 05 10 15 20 25 30 00 05 10 15 20 25 30
magnetic fidd(kOe) magnetic fidd(kOe)
(©) 10 GHz (d) 12 GHz
0.2 0.6
—— 100% BST -
...... O 7% BST ‘g" "o
0.01 041 - 504BST K
——a—- 25) BST
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Bragg diffraction law

?  X-ray

?  X-ray

n?=2dxsn?

Cu Ka ?=0.154 nm

B /h2+k2+|2
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1 (B&y6Sr0.4)TIO3

27=32° (110)

10154
2sing  2sinl6°

=0.279 (nm)

0.279= %

V12 +1%2 +0°

8= 0.3945 (nm) = 0.3945 x 10" (cm)

M =[(Ba x0.6 + Sr x0.4) x1 + Ti x1+0 x3]

= [(137.33x0.6 + 87.62x0.4) x1 + 47.88x1 + 16x3] / (6.02x10%)
= 3.54x10% (g/mol)

i -22
:%_ 354°10% o 9

(03945°107)® T em?®

2. (Nip9C0g 0sMNg 67) FE0,

27=36° (311)

10154
2sing  2sin18°

= 0.2492 (nm)

0.2492 = %

/32 +12 +12

8= 0.8258 (nm) = 0.8258 x 10" (cm)

M =[(Ni x0.9 +Co x0.03 +Mn x0.07) x8 +Fe x16+ O

x32]
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= [(58.69%0.9 + 58.933x0.03+54.938%0.07) x8 + 55.854x16 + 16x32]

/ (6.02x10%)
= 3.11x10°" (g/mol)
4 -21
M__8I10% g 9
V  (0.8258" 10) cm
3. xBST-(1-X)NCMFO
X =25 mol%
=xBST +(1- XYNCMFO=0.25" 5.77+0.75" 5.52=5.58
BST 100mol% | 75mol% | 50mol% | 25mol% | O mol%
5.77 571 5.65 5.58 5.52




