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ABSTRACT: An algorithm is presented to find the effect of controller voltages, orientation of the
crystallographic axes (Z-cut, Y-cut and X-cut) and types of the two cores electrooptic materials on both coupling
coefficient (C) and power transferred between two adjacent rectangular electrooptic waveguides, Coupling
coefficient is calculated by mixing effective index method (EIM) with coupled mode theory (CMT). The
electrooptic material is treated as isotropic material with very thin metal electrodes. The applied voltage induces
a change of refractive index of waveguides cores and so, there are changes of both the coupling coefficient and
the difference between propagation constants of the two waveguides (AP). Coupling coefficient between two
dissimilar electrooptic materials becomes very large than that between two similar electrooptic materials.
Maximwn coupling coefficient is occurred between LiTa0,; and BaTiOy. Change of the coupling coefficient with
the controller voltages depends on the type of the electrooptic material. The coupling coefficient depends upon
the optical polarization (E",q or E”,) and the operating wavelengths (X).

1- INTRODUCTION

Optical waveguide directional couplers
are the building blocks of many integrated
optic devices, such as signal dividers,
wavelength division multiplexers, and
modulators/switches [ 1-5]. When a voltage
is applied as shown in Fig.l, there is a
change in the refractive index due to the
applied electric field. By implementing an
appropriate design [5], phase mismatch (AB)
is induced in the optical fields of the two
waveguides [6]. In conventional couplers,
power switching is achieved [1] and the
transferred power between the two
waveguides are controlled by the applied
voltage [7]. By adjusting the device
parameters, most of the power can be

transferred back to guide 1[5]. The effect of
the optical field on the change of refractive
index is neglected. The directional coupler
is composed of two diffused waveguides of
an electrooptic crystal [8] as shown in Fig.1.
There are six orientation cases between the
crystallographic axes (a, b and ¢) and the
system axes (x, y and z). For some
orientation cases, the crystallographic axes
must be rotated by an angle (0) to eliminate
the cross products terms of the index
ellipsoidal (IE) as indicated in Appendix A.
where the applied voltage is changed (in y-
direction), the values of rotated angle (0)
becomes changed. Then for voltage
controlled electrooptic directional coupler,
cases which need an angle 0 are neglected.
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Although, thc availablc orentation cases
are, cascs 1, 2 and 5 (for LiNbO; and
LiTa0;3), cases | and 2 (for KNbO;, BaTiO;
and BaTiOs). The orientation cases | and 2
are similar for uniaxial materials (LINbO;,
LiTa0;, BaTiO; and BaTiQOs) but cases 1
and 2 are dissimilar for biaxial material
(KNbO;) as indicated in Appendix A.
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Fig.! Electrooptic active directional coupler

This study is done with case 1. A study of
the polarization dependence in the coupling
coefTicient of a directional coupler is done,
but in this study, E*5q is used to avoid the
propagation losses due to metal electrodes
(where, losses of TM mode very large than
that losses of TE mode). With very thin
metal electrodes, anisotropic waveguide can
be treated as isotropic wave guide [9] with
modified the waveguide thichness and
refractive index. In this study, coupling
coefficient between two similar and
dissimilar electrooptic materials with
different orientations axes is calculated.
Effect of applied voltages on C is estimated
also,power transferred depends on both C
and AB.

metal metal

| T

rectangular metal elad slab in y-direction
give N,i
I Ny ns
W

slab in x-direction give N;
Fig. 2 Rectangular wave guide and its two slabs with EIM -

2- MATHEMATICAL ANALYSIS
Coupling coefficient (C) and power
transferred between guide 1 (Py) and
guide2 (P,) are calculated with the following
steps:

I- Calculation of the index change due
to the applied voltage V, as
explained in Appendix A.

2- Conversion the anisotropic core
material into equivalent isotropic
material using [9,10] modified
waveguide thickness (1) and
refractive index (n) as:
n;=(ny; ﬂyi)o's: Tiso'_‘(sxi/ayi)o's Taniso (1)

3- Calculation of the propagation
constant of each individual
waveguide (B) by using effictive
index method (EIM). B is calculated
by solving eigen value equation for
each slab waveguide (Fig.2) [11];
Bi=ko Ni (2)
where k,=27/A and N,; is the effective
refractive index of guide i and i=1,2.

4- Calculation of the coupling
coefficient (C) by using EIM to
convert two rcctangulars directional
coupler into two slabs directional
coupler (Fig.3){1,12]. Coupled mode
method used to calculate coupling
coefficient between the equivelent
two slabs (Appendix B) {13-15].

5- Calculation of power transferred
between two lossless rectangular
waveguides defined as [ 16, 17]
Px(z)=(C% C%,) sin’Cpz ,
Pi(z)=1-Px(2) - (3
where, C3=C*+AB%4 , AB=B, - B,
So, transferred power depends upon
both C and AP not AP only, where,

values of C depends on the parameters

which effect on both B and B,.

3- RESULTS AND DISCUSSION
The active directional coupler has two
types of parameters. The first type is the
structure  parameters and they are,
waveguide thickness (T), width of guide 1
(W,), width of guide 2 (W,), distance
between the two waveguides (2S), material
of guide 1{ M;) material of guide 2 (M3),
orientation case of materials 1 and 2 and the
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substrate material {n;). The second type is
the operating parameters and they are,
operating wavelength (A), mode numbers in
x and y directions ( p and q, respectively) ,
applied voltages (V; and V;) and
polarization of the applied optical field (E%,q
or E'5). Mi=1 (LiNbO3), Mi=2 (LiTa0y),
M=3 (KNbO;), Ms=4 (BaTiO;) and Ms=5
(BaTiOs), where, i=1 material in guide 1
and i=2 material in guide 2 . Data of main
design example are T=4pm, W;=W,=2pm,
S=1pm, material of guide 1 (LiNbOj),
material of guide 2 (LiNbO;), orientation
cases of materials 1 and 2 are case I,
ns=1.502, 3=0.633um, p=q=0, V=0 and
V=20 volt and E%. Data for electrooptic
materials are indicated in Appendix C.
Coupling coefficient (C) increased with
absolute value of the difference, DN=N,-N;
[12] so, C decrcased with any parameter

which make DN decreased.
v, Y2
n, m ]l r{ ng { T n
W, 25 W,
n, Ny, n +yz T,
W, 28 W,

Fig.3 Two rectangular directional coupler and their
equivalent two slabs directional coupler.

As suggested [1:2], C decreased with both
waveguide thickness, T, (Table 1), wave-

guides width, W; and W,, (Table 2), space_

between waveguides, S, (Table 3) and
refractive index, n,, (Table 4) but C
increased with the operating mode numbers,
p and q, (Table 5).  Coupling coefficient
between the same electrooptic materials
(Ceym : Mi=M2) depends on the amplitude of
the difference, V; -V,, (Fig.4) and Cym
(KNbO3y> Ceym (LiTa03)> Cyym (LiNDO;) >
Csym (BaTiOs) > Cym (BaTiO;). Casym 1S
decreased or increased with both V; and V;
as shown in Fig.4 (depend upon the values
of DN, Appendixs C and D). But the valuc
of Cym  becomes very small if it is
compared with Caym ( coupling coefficient
between two different electrooptic materials

Mi#M;) as shown in Figs4 and 5.
Maximum coupling coefficient occurred
between LiTaO; and BaTiOs (Fig.5). Two
similar electrooptic materials act as two
different electrooptic materials if the
orientation case of material 1 dissimilar than
that of material 2, also coupling coefficient
between two different materials decreased if
the orientation cases of the two materials
becomes dissimilar (Table 6). By assume
that all other parameters are independent
upon wavelength, the coupling coefficient
depend upon the operating wavelength (1)
[16] (Fig.6) where, N; and N; are depend
on the operating wavelength. Power
transferred (P;) depend on the applied
controlled voltages (Fig.4) where, both C
and AP depend on the applied voltages. Also
P, depends on both C and AP (Fig.7) where,
parameters which change AP will variable
the value of C (exceptional, with especially
very difficult conditions). Dependence of P,
on the coupler length (L) is shown in Fig. 8,
which indicated that P, increased until L
equal Lyax, (length of coupler at which the
maximum power transferred is occurred)
dependence on the values of C and AP (i.e.
V). Polarity of the applied voltage effect on
the value of coupling coefficient where, C
(Vi=0, V,=100) =7.131577 nm’, but C
(Vi=0, V;=-100) =7.131100 nm’. Also
coupling coefficient affected by the
polarization of the optical ficld where, C
(Vi=0, V;=100, E*y) =662.84 nm™, but C
(Vi=0, V=100, E’o) =663.023 nm".

Table i Effect of waveguide thickness (T) on C
with case 1, M=Mjy=1, V=0, V,=20 voli, W =W,
=2 pm, S=1pm, n,=1.502, 1=0.633 um and E*,,

T {(um) 2 4 i 8

C (nm)’ [ 2.860069 1.426220 | 0.7123947

Table 2; Effect of waveguide widths (W, and W) on
C with case 1, M;=M,=1, V=0, V,=20 volt, T=4 pm,
S=1 pm, n,=1,502, A=0.633um and E",

W, (pm) 2 4 8
W, (um) 2 4 8
C (nm)’' | 1.426220 1.422405 1.421452

Table 3: Effect of space {5) on C with case I,
MI=M1=1! Vl=01 V2=20 VOItI wl=w2=2 pm,
T=4 pm, n,=1.502, 1=0.633 pm and E*yy

S (um) 0.1 025 1.0

C (nm)' | 2.347446 | 1428673 1.426220
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Tabled:Effect of refractive index (n,) on C with casel
. M]=M1=!, V|=0, V2=20 VOlt, W=Wy=2 ym, T=4
, 5=1 pm, 2=0.633 pm and E%

Table 6: Effect of the orientation cases on the
coupling coefficient (C nm™ ) with V,=0 volt,
W, =W,=2 um, T=4 pm, 5=} pm, n,=1.502, 1=0.633

1, 1.50 1.75 2.00 m and E*
C (nm)? | 1.426220 1.423359 1.416206 | C_for KNbO, * KNbO, ]
V,(volt) | Cascs 1°1 | Cases 2°2 | Cases 1%2 | Cases 291

Table_ 5: Effect ‘of mode r-a:lmb.ers {p and q) on the 23 Zf‘gg ?:g;i ;;::;: :2_';:;2;
coupling coefficient (C nm™) with case 1, M, =M,=1, 100 11487 | 3.203 74852 | 89.542
V=0, V=20 volt, W,=W=2 pm, n,=1.502, T=4 Hm, C for  KNbO, * BaTiQ,
§=1 pm, n,~1.502, A=0.633um and E V;{volt) | Cases I*I | Cases 2*\

o P, : 2 724338 | 646274

3 ; 5 | 60 731,623 | 643.569
C | 1426220 | 1430035 | 1.443386 | 1446724 100 718919 | 640865
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Fig. 4 Coupling coefficient (C) and power transferred (P,) between two similar waveguides
with W,=W;=2um, T=4 um, $=1 pm, n;=1.502, 1=0.633 pm, Ee,

Upper Figs. With V,=0,

lower Figs. V=50 volts



Mansoura Engineering Journal, (MEJ), Vol. 30, No. 3, Scptember 2005. E. 17

3 BaTi0s
-
o 4
Q 800
o 8 ] BaTi03
3 a00 & ] o
g BaTigs a ]
3 = ]
= ¥ ]
= BaTio3 1
- -~ 400
E 400 £ 4
£ ] £ ] LiNbO3
D ] 14Ta03 Y ]
e — 1
G ] KNVO3 G 1 KNY03
a-rﬁ—m-v—r—r'!-,—r—r—rﬂ"rw-t-r‘!-rr—rﬁ o"["""’""""“'”""']"""""""’""""r"’""’"‘
o 40 80 0 40 80
Vnltanse V2 faunliel ' vcuuge ¥2 ('Uﬂus)
]
] - ]
] ) ]
o ] 2 800-} BaTios
s 800 DaTios §
& : < 1
= ] - 1 BaTig3
- ] BaTio3 -] ]
= N
. ] -2 400
-'E\ 400 E :
< : A i |
Al ] LiTaD3 ~ 1 LiTasd
% 1 IANb03 © ] LiNb03
L i o o e [ e e BLALE e o e R o o
o 40 80 0 40 80
Voltage ¥Z (volts) Voltage V2 (volls)
]
o 1-
S 800
5 ] LiTa03
&
S ] KNGOS
-~ <00 LiNbOJ
E E
£ 1 Barios
=
w ]
y
0'—r1—r—r—|—r—ﬁ—r—r-'—r-'rﬂ—r'!-v-1-r'v-]—|—l—1"v
0 40 80
Yolltage V2 (volls)
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Fig. 8: P, as a function of coupler length L at different values of V, (i.e. C)
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Solid (Vy=10, i.e. C=1.124382 nin™),
Solid with samples (V,=50, i.c. C=5.619049 nm™),
Large dashed (V,=200, i.e. C=22.479060 nm™")

SUMMARY
In this algorithm, an electrooptic
directional coupler is designed using two

dashed (V;=25, i.e. C=2.810478 nm’"),
dashed with samples (V,=100, i.e. C=11.239050 nm'"),

similar or dissimilar materials with two
controller applied voltages. Anaisotropic
materials are treated as an isotropic material
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with modified both thickness and refractive
index of materials. Coupling coefficient (C)
is calculated by mixing both effective index
method and coupled mode theory.
Parameters which change the difference
between two propagation constants of the
individual waveguides (AB), also, effect on
the value of coupling coefficient and so,
power transferred between two waveguides
can not be calculated as a function of AP
only.

The coupling coefficient depends on the
value of the modified refractive index of
each material before and after the controller
voltages (V) and V7). In case of two similar
materials, coupling increased with the
difference controller voltages (AV) and
KNbO3 is the best material. Coupling
becomes more if the orientation axes of both
similar materials are different. And so,
coupling becomes very large with two
dissimilar materials. The best pair of
materials are LiTa0O3; with BaTiOs. Coupling
between pair of dissimilar materials
increased or decreased with the controller
voltages.
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Appendix A: Change of refractive index [18-21)

When an clecuic ficld apptied upon elecurooplic (EQ)
material, a new index ellipsoidal (1E) shape occurred, where there
arc changed in both scale and orientation from original one. The
new IE with linear EO effect (Pockch cﬂ'cct)ls (19}

{n,’ +ana+l' uEsttuEd 8t + (nyt4ry EatrgEytrgE) b
+(n e EatrBgtnB) &+ 2(myEtrgBetigEs) be
+2 (r5, EgtraEytrnE) ac +2 (151 EgtrasEy+rsaEL) ab =1

(Al)
Where; E. E, and E; ase the clecuic ficld components in  the
directions of crystallographic axes a, b and ¢, respectively. So,
there are six positions (cases) for the orieniation of coordinate
syslem axes (x, y and z) with respect to crystallographic axes. Z-
cut (Casel: w/a, yiic, 2//b, and case3:; x/ic, y/a, 2//b), Y-cut (case2:
x/ib, ylle, 2/fa, cased: x/lc, y/ib, 2/fa) and X-cut {case5: x//a, yib,
e, case 6: x//b, yiia, 2/ic). For some cases, to eliminate the cross
product terms of IE, the normal plane (hormal to the propagation
direction) of crystallographic axcs must be rotate by an angle 0.
Change of refractive index as a function of E, with E;=E,=0, and
numerical values arc indicated in Tables A1 and A2,

Table A.l: Change of refractive index with constant E, (E.=
E,=0) and propagation in Z-direction , A, <(1/n%,- I/n,).
For any hidden cases the values of 0, An. and An, are zeros

Appendix B: Coupling Coefficient C [13-15]
Coupling coefTicient between two slabs directional coupler,
slabs A and B, (Fig. BI) is defined as [14] ;

n
gudc A B, 4;:- dx
11 23
_E_Jich Pu n d

s
Fig. B.1 Two slabs waveguides directional coupler

C’=(B= Bo)’ 14 - (Buofy)’ /4 (B.1)

P and f, are even and odd coupled modes, f, and B, are
the pmpagmon constant for individual two slabs The differcnce
Befs is defined by coupled mode theory as |
Be-Bo =1k ke +0.25(By-Bn)’ (B.+m’ (1R 11
[0-5((Bs+B)(1-RY)] (2)

Case | © T An/@3w) [ An 050 ]
LiNbOQ, , LiTaO, |
1 10 -r3Ey -k
210 'hi‘:L ok,
3 | 0.5tan'(2rgE,/A) | Al sin'( 6) -A, sin’( 0)
-tE, sin20 +raE, 5in28
4 | 0.5tan" [2r,E/ Asin’( 6) -A, sin’'( 8)
(Awin B)] - tuE,sin20 + taE, 5in20
-1y, sin’(0) 413, sin’(6)
510 nE, “nk,
6 | 0S@nCraE A | Aesini( 0) A, s 9)
- feiEy 5in20 + 151 Ey 5in20
KNbO; , BaTiQ, ,BaTiO
1 10 -InE, -uE,
2 Q -rnEy -k,
3 ] 05an'2rE /A | Ay sin'(B) A sin'( 6)
—ryE, 5in20 + 1y E, 5in20
4 | 0.5tan"Q2ruE, /A,) | Assin’(8) -A, sin’( 8)
- IiyE, 5in20 + ryE, 5in20
Table A.2 Values of An, and An, with E, =1 V/ pm (E,=E,=0)
and case } (6=0)
10004n, 100040,
LiNbQ, -0.05734 -0.16451
LiTa0y -.04327 -0.15799
KNbO, -0.16593 -0.32653
BaTiO; 20.13298 -0.18402
BaTiOs ~0.11058 - -0.74960

Then,
C=[k kapkea 1°* 7 [(But Po)(1-RD] (B.3)
Where, R is overlap imegral ,
R = 0.5 . (wa¥u+ oy, dx
= (I +lz+]3+i4+]5) (B4)

Ka 18 lhc cou J)Img cocflicient between guides A and B,
Q‘#ﬂ“’xddx— R sﬂﬂr’vle dX]

ku=(0%1-0%5 ) v
“'(ﬂzrﬂzs) mﬂ’u%a dX'R JUO e dx)
=(0*-0’X15-R Ip)+ (0?0’ X(1-R 1) (B.5)
kyy is the coughng coefTicient between guides _“E and A,
= (e ) of M yaadx -RS*HyPdx]
+ (ﬂ n S %Nxz dx R i Wr dx}
= (n’sn JXII'R I+ (n'en®)(1-R 1) (B.6)
By solving eigm value equation for each individual slab, the
values of ky, f, Nj, vp.1; and ¥y (5=1,2) can be detenmined and the

valucs of [,—~-l,are,
Ty=w. e PXEY / [RypRyy (Ysaty)]
L=w. tfhm { ef (n?? Ysa-m *5y3) MR
+m’ J'IM‘m 2 ¥34) R VIm*(Ry; (Cat 5]
Iy=w.e ™27 25 /(R 2 Ras)
1= w. e'm“ [ ™ (m? 21z ?s¥34) Ryz
+(m’yyp-m z?:z) RazJ[m R (KPy 47 10))
L=w, e PO D RUGR (Nt e)]
le=w,. €722 1 (99 RY)
I=wy. e P28 sinh (y3; dg) / (a2 R%2)
L=w,. €713 1 (O R%)
Iy=wy. €749 sinh (150 d1) / (34 RY4)
Where;
w=2mymN;Nakqky / (dee der) t
Wl"zmzzszkzz Mo, Wim2mA Ny fdegy
Ri=(m* K’ rtm )’ Ra=(m K myy )™
R.'H—(m‘.lk mrg)”
Rs=(m*k%+myy’s)™ and
Aed=di+ 1/ (Qjry i1 ) +1/ (Qjerj Tinrg) 8.7
for TE mode m;=1, q...‘, q,ﬂ‘,—l For TM mode

m;= n,,q,.l,, (N,/n,) +N; /)1,
('N,/n,) +(Nj /nya) -1 1 j=1.2.

Appendix C: Data of used electrooptic materials [18-26)
For the calculation, we need the whole set of EQ materiat

paramcters, such as elements of &, 1y, and my, we could not find a

complete set of these parametess, especially the effect of L on the

last parameters, therefore, we use the following parameters, which

we believe, are not too far from the real ones; [27). Data of EO

materials at b=0.63) pm [18-26] are:

LiNbO3 (n,=n,=2.286, n=2.200, t,~e,=43, £=28, =538,

l‘u”g.ﬁ, rn=5.8, ru-8.6, I';1=30.9, l'a"32.6, r,|-32.6, l'u“'6.8),

LiTa03 (nswy=2.176, n=2.180, &=g,=42, g~41, r,;=0.2,

n )‘8.4, ru-=0.2. r;,='3.4, l'n"JO.s, 711-20, T ;|"20. l'n'ﬂ.:),

BaTi03 (ny~ny=2.410, n=2.360, €=0,=2300, £=60,r;=19,

r;,=l9, I ;)='23, r.;-820, r,,-820),

BaTiO5 (n,=ny=2.480, n.=2.425, &=e,=1300, =168, r;,=14.5,

rp=14.5, £;y=105, r;;=1700, r5p=1700),

KNDbO3 (n,=2.280, my=2.329, n=2.169, £,=160, &=1000, =55,

ru=28. I'u’l.J, r,;'=64, rn"380, |'3|=[05).

LINBO3 ot 2=1.15 pm (n,"1,=2.229, n,~2.150, £,=5, =43, £,=28,

=34, 1y=9.6, n=54, my=9.6, ry=309, ry=32.6, r5=32.6,

l'||=5.4).

Note, in this paper we assume quasi-static operations.

To study the effect of wavelength, all the above paramcters are

assumed independent upon wavelength.
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Appendix D:
Dependence Of the Values of DN=N;-N, On The
Applied Voltages ¥, and V; For several electroopic

with Casc I, W,=Wy=2 pm, T=4 pm, $=1 pm, , n,=1.5, k=0.633
pmand By .

Tabie D.1: Dependence of values of DN=N;-N, on the applied

E. 21

Table D.4: Dependence of values of DN=N,-N, on the applied

voltages ¥V, and V; with case {, Mi=KNbO,.
M; V. (volt}= 0 Vi (volt) = 50
Vy=0 volt | V=100 Vy=0volt | V=100
i LINbO; | -0.01778 | -0.01552 ! -0.01960 | -0.017)4
LiTaOs_| 0.04787 0.05033 0.04605 0.04851
BaTiO, | -0.16215 | -0.16150 | -0.16397 | -0.16332
BaTiOs | -0.23009 | -0.22795 | -0.23191 -0.22977
Table D.5: Dependence of values of DN=NzN; on the applied

Vohages V, and V, with case 1, My=M;, voltages V, and V; with case |, My=BaTi0,,
M=M, V=) V=50 M Vy Q’Oli) =) Vi {volt) = 50
V=0 V=100 V=0 volt V=100 V=0 volt | V=100 Vy~0volt | V,~100
LiNbD, | 0 00022612 { -0.0011306 0.0011306 LiNbOy | 0.14436 0.14663 0.14404 0.14631
LiTaOy [ O 0.0024593 | -0.0012295 0.0012298 LiTaOy | 0.21002 02124751 | 0.2096951 | 0.21215
KNbO, | 0 0.0036421 | -0.0018210 0.0018210 KNbO, | 016214 0.1657867 | 0.1618240 | 0.16547
BaTiQy | 0 0.0006413 | -0.0003207 0.0003207 BaTiQs | -0.06794 -0.06580 -0.06826 ‘| -0.066121
BaTiOs | 0 00021434 | -0.0010717 0.0010717
Table D.6: Dependence of values of DN=N,-N, on the applicd
Table D.2: Dependence of values of DN=N;-N, on the applied voltages V, and V, with case 1, M;=BaTiO,.
voltages V, and V; with case 1, M=LiNbO. M; Vy(volt) =0 ¥y (volt) = 50
M; Vi(volt}=90 V, (volt) = 50 V=0 volt | Vy=100 Vy=Ovolt | V=100
Vol V=100 Vi=0 V=100 LiNbO, | 0.2123) 0.21457 021124 0.02135
LiTaO; | 0.06565 0.06811 0.0645 0.06698 LiTaD, | 02779596 | 0.2804189 | 0.2768879 | 0.27935
KNbO, | 0.01778 0.02142 0.0167 0.02029 KNbO, | 0.2300885 | 0.2337306 | 0.2290168 | 0.23266
BaTiOy | -0.14436 -0.14372 -0,14550 -0.14485 BaTiQ, | 0.0679438 | 0.0685852 | 0.0668721 | 0.06751
BaTiO, | -0.21231 -0.21017 -0.21344 0.21130
Table D.3: Dependence of values of DN=N;-N; on the applied
voltages V, and V; with case 1, M=LiTa0,.
M, Vi{vol) =0 V; (volt) = 50
V=0 volt | V=100 V=0 volt | V=100
LiNbO, | -0.06565 -0.06339 -0.06689 -0.06462
KNbQO, | -0.04787 -0.04423 -0.04910 -0.04546
BaTiQ, | -0.21002 | -0.20937 -0.21125 ~0.21060
BaTi0Q, | -0.277% -0.27582 -0.27919 -0.27705




