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ABSTRACT
A nonreciprocal light coupler without anisotropic crystal is analysed. An oblique magnetic field application
causes nonreciprocal coupling between two dielectric waveguides through the magnetooptical medium between the
guides. In principle, an optical isolator may be realizable which is tunable after fabricatiom.
Introduction
In future optical communication systems, nonrecip-

rocal eircuits especially thin film isolators will be
strongly required, so that several authors have investi-

gated such devices with various p1‘inciples.1"'6 But, 4N

since they need a careful phase match for TE-TM mode Wa ﬂ

coupling and/or an anisotropic crystal growth on magne- " - e"‘

tooptical crystal, it is difficult to realize them at W3 e . '.'

present. Among all, they have a weak point that they ‘:—‘j'%‘v ; —>Z

are not tunable. LT 6
In the present paper we will analyze a nonreciprocal

light coupler with isotropic materigl and magnetooptic Fundamental system | Fundamental system2

crystal, which is able to control both the beat length
and power transfer ratio by changing the direction of
the applied magnetic field. This is applicable to an Fig.2 Geometry of the fundamental system 1 and 2
optical isolator which may be easily fabricated.
(Polar), E(Equatotial), or L(Longitudinal) respectively.
Theory The E configuration does not bring about any coupling
between TE and TM modes, but causes nonreciprocity only
We analyse the coupled modes in the structure shown for TM mode. On the other hand, the L or P cofigura-
in Fig.1(a). Each region I, IIL,IV, and V are tions couple the TE mode to the TM mode, but nonrecip-—
rocity does not occur. Therefore, we expect that super-
imposing the E configuration on the L or P configuration
X SZ will make nonreciprocal mode coupling possible. We call
€ these the PE or LE configuration and investigate the
latter in detail.
Applying the variational method to the mode of
the perturbed system?, we can obtain the following equa-
tions for the propagation constant of forward and back-
ward waves in Fig.1(a), where we assume that the TE

We I[ € mode in the fundamental system 1 is nearly degenerate
4 I to the TM in the fundamental system 2.
€
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Fig.l Geometry of the coupled waveguide system. o

assumed lossless isotropic, and region III lossless and

magnetooptical with dielectric tensor ¥s3. Region II

and IV are taken to be the waveguides. We call the § = (BI - BII)/zso 7

structure shown in Fig.l the perturbed system whose %

modes are assumed to be a little perturbed from the F= LEo fw3(—j63cose)esl, e}ildxl (8)

nearly degenerate TE, and TM, modes of system 1 and 2 Bol ~w3

shown in Fig.2, because of the mode coupling, -and thus

expressed by the linear combination of the latter?. In the equationsg aliove, superscripts I and II mean the
If the applied magnetic field is oriented to X, ¥, f_undamental system 1 and 2 respectively, and £, b the

or z axis in Fig.1(a), the configuration is called F forward and backward waves in the perturbed system.
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In addition, ey, ey, ey are the x, y, z component of
electric field in each system, and , means complex
conjugate.

We can see the required nonreciprocity between
forward and backward waves of the perturbed system in
eqs. (1) and (2). Figure 3 shows the splitting of propa-
gation constant B(a) for an ordinary reciprocal case
and (b) for our nonreciprocal case. The power transfer
between the fundamental system 1 and 2 is given as
follows.

(A=) (i) B (Forward) (i) B°(Backward)
(@)Reciprocal (b) Nonreciprocal
coupler coupler

Fig.3 Splitting of propagation constant B for
(a) reciprocal coupling and (b) nonreciprocal
coupling in a nearly degenerate case (Bf#@%)
and a degenerate case (pI=gT).
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egs. (10),(13),(15) and (16), we can
attain 100% power conversion if the conditions BK—B =2AB
for the backward wave are satisfied. On the other hand,
in the ordinary reciprocal coupling, it occurs just at
BI=BI regardless of the propagating direction. Further-
more, since AR and F depend on the angle 6 , we can
change 8T and 8L at which perfect conversion occurs.

Referring to

Numerical Examples and Discussions

Numerical calculations are performed in the follow-
ing way. At first we choose the width of the guide 2
arbitrarily, thus giving the value of 8%. After that,
the direction of DC magnetic field and the width of the

guide are determined so that AB=0 and 2an=(2m—l)1b are

satisfied. If we here put n=m=1, we get 2Lf=Lb, and

hence, the power flow of a guide varies according to the

propagation distance as shown in Fig.4(a). In this
N
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Fig.4(a) Power flow of each guide for forward
and backward propagation.
(b) Resultant circulator operatiom.

case, the power in the guide 1 is talen out 1007 at the
another terminal for a forward propagation, while all
the power in guide 1 is tramnsferred to guide 2 for a
backward propagation. One notices that it really
behaves like a circulator as shown in Fig.4(b), if the
input from port 3 or 4 is considered in a similar man-
ner, so that one can realize an isolator terminating
the proper two ports. We now choose YIG for a magneto~
optical medium sandwiched between two isotropic guides,
and 1.152 um for operating light wavelength.

The shorter the beat length is, the better. It is
nearly inversely proportional to the overlap integral
of TE and TM modes of
guide 1 and 2 at YIG
region as shown by eqs.

(11) and (14). Since - £1-es=1.0
the overlap integral F 2 3?11d €2=€,=5.76
is from the tails of iine  €3=5.29
the electric field out wy=0. 54

of each dielectric wave >

guide, the distance of - €1=e5=1.0
two guides should be - dotted €3=ey=7.3
small to make the F :; 1ine €3=5,293
value great. The F 410 Jy=0.2)

value becomes smaller,
however, if the dis-
tance becomes too small,
since the range of inte-
gration gets narrower.
Hence, the beat length
has some minimun value
if the guide distance
is varied as shown in
Fig.5.

Let the angle of
DC magnetic field be
varied and examine how

the power at z=LP
changes. (Fig.6)

465

05

15
2w/x

Fig.5 Beat length vs. wave
guides distance.
(§3=3x10" % )



Backward
(TM=TM, TE=TE)

—-—Forward

(TM=TM, TE-TE)

K=L/Lb

1 o € 1=€5=1- 0
€o=€,=5. 76
8 € 3=5. 29_
= §5=3x10 *
N\ w,=0. 43102
Ca)
2w3=1.2)
T_i" wi,=0. 51
arforPog. ax102
05 80=74.9°

0 40
6 (deg)

Fig.6 Forward and backward wave power flow

at L=0.9Lb,Lb or l.lLb as a function

of magnetic field direction

Calculating with the same parameters as the solid line
in Fig.5, we can see that at 0=74.9° the forward wave
carries the full power while the contrary is the case
for the backward wave. When the coupling length hap-

pens to be different from 1D we can see how the char-
acteristics are degraded looking at the curves for

L=1.1Lb or 0.9LP. Even in these cases we can recover
the isolation characteristics by re-adjusting the DC
field angle as shown in Fig.7.
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Fig.7 Isolation and forward loss vs. coupling
length deviation for 'before' and
'after' tuning. Tuning angle is also
presented. (Parameters are the same as

those in Fig.6)
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The tuning capability stated above is also useful
for other purposes. If we put 6=90° or 58°, the full
backward wave energy is detected at the other terminal
of the same guide. It will make an optical switch, con-
sidering that all the energy is transferred to another
guide at 6=74.9°.

Going back to the beat length again, it is rather
too large compared with other configurations previously
investigated. 1In fact, the least value was about 4cm
in our configuration as far as we use YIG for a magneto-
optical medium. This is mainly because YIG is placed
between two guides where rf electric fields are evenes—
cent, and hence, we are investigating another configu-
ration in which YIG itself is used as a waveguide.

Conclusion

We have proposed a nonreciprocal light coupler
without anisotropic crystal. The device is able to
control the power transfer and beat length by the direc-
tion change of the applied magnetic field, and is thus
applicable to a tunable isolator, circulator or other
devices.
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