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An Optical Mo血Iator Using Kerr Effect

in Optical Fiber Directional Coupler

ケル効果による光ファイバ方向性結合器形光変調器

Yoichi FUJII* and Hideo MURO*

藤　井　陽　一･室

A new opticalmodulator in an optical fiber directional

coupler, where the coupling of two optical　fibers is

electricauy controlled by Kerr effect, is proposed and

experimentally verirled. This modulator consists of two

parallel fiber cores immersed in a Kerr-effect liquid. The

characteristic of this modulator is theoretically analyzed and

it is shownthat a change of the refractive index by Kerr

effect in theliquid in the order of 10-4 is sufficient to a

complete switching for the coupling length of 5 mm.

htrod.uction

In future optical　fiber communication systems,the

opticalSwitch and directionalcoupler by usingthe optical

fiber itself will playanimportant role. The integrated optical

circuit L～S〉 can not be used directlywith fibers･ Particularly,

inthe case of the single mode fiber, it is very difficult to

couplethese devices tb the fiber.

Severaltypes of mechanical fiber switches have been

reported, tn which the opticalpath is switched by rotating

the mirror or by movingthe fiber itself 4). Their switching

speeds are血Iited by the slow response of the mechanical

actions.

h this paper an opticalmoduhtor, or opticalSwitch,

wherethe coupling of two single mode fibers is electrically

controlled by Kerr effect, is proposed and it is shown that a

complete switching can be obtained by changing the

refractive index of the surrounding liquid in the order of

10-4･ The modulation degree was measured using ethyl

cyanoacetate asthe Kerr effect liquid.

¶leOry

The geometry of the fiber coupler is shown in Fig･ ll

Fiber cores of the refractive index Nl and the radius A are

putinparallel bythe lengthL･, and the surrounding of the

cores is filled witha liquid whose refractive index is NB.The

丘bers guidethe fundamentalmode HEl1 Only.
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英　夫

When the input power of fiber i is lo,the coupled

power from fiber 1 to fiber 2 is given by

I2-(. sin2cL　　　　　　　　　　　( l )

where C is the couphng coefficlent Of HELl model

If a Kerr effect liquid is used as the surrounding medium

of the cores andthe fiber coupler is inserted between a pair

of electrodes (Fig. 2),the coupling coefficient is changed by

the applied electric field, and the coupled power is changed
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Fig. I Optical fiber directional coupler and coupled power
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Fig. 2　0ptical modulator configuration
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according to eq, (l). The input power in fiber 1 is transfered

to fiber 2 when C is an o.dd multiple ofTr/2L, while it

appears in fiber I when C is even multiple of打/2L. In this

way, an opticalmodulator, or switch, Canbe constructed.

Under the assumption of weakly guiding, the coupling

coefficient of HEll mode C I can be written as 5)

C-##　　　(2)

where V is the normalized frequency, U and W are the

normalized transverse.propagation constant inthe core and

in its surrounding, respectively, d isthe distance between

the two core centers, and 8 - 1 -(N2/Nl)2. The nomlauZed

frequency V isgiven by

v-kAJNlLN22　　　　　　　　　(3 )

where k is the wavenumber of light invacuum, and U and

W are related to V by the relation

U2+W2-V2　　　　　　　　　　　　　　　(4)

To obtain the values of Uand W, we must Solve the

eigenvalue equation 6 I

UJfl(gU,'-慧誤)　　　( 5 ,

togetherwith eq. (4).

Fig. 3　Shows the couphng coefficient versus the

refractive index difference between the core and its

surrounding, where A is　2FLm, Nl is I.458, and the

separation between.two fiber cores is 1 pm. It is Shown that

the coupling coefficient has the maximum value whenthe

index difference is about 2･ The corresponding couphg

efficiency I2/(. for L,- 5 nun is shown in Fig. 4. From this

figure, in order to perform a complete switching the

refractive index change of 2 x lOー4 is required.

Exp erimental Results

The moduhtion degree as afunction of the applied

voltage was measuredwiththe experimental set-up shown

in Figl 5. The fibers used have the fouowing parameters:

A- 2pm, N1 - 1.458, and cladding diameter is lOOpm.

The claddings of the fibers are etched off to the cores of

4FLm diameter by hydrom10ric acid. Fig. 6 showsthe

configuration of the coupling r噛on. h Fig. 7, typical

Kerr effect hquids are listed are listed. Since the refractive

index ofmitrobenzene or nitrotoluene, which has a hrge

Kerr constant, is larger than that of the silica core, ethyl

cyanoacetate was used as the Kerr effectliquid, of which the

refractive index is I.4179 and Kerr constant is 4.31 x l0-13

m/V竺The gap betweenthe electrodes is 1 mm.

Fig. 8. shows the modulation degree versus the applied
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Fig. 3　CoupJing coefficient of IIEll mode vs refractive

index difference between core and its surrounding
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Fig. 4　Coupled power vs refractive index difference

between core and its surrounding

Fig. 5 Schematic diagram of the experimental set-tip
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Fig. 6　Configuration of fiber coupler in coupmIg r¢gion

voltage;the solid line shows the calculated modulation

degree whenthe separation of the fibers iS 1.3 〃m,and cross

(X) denotes the measured value. me resulted modtllation

degree was 10-4 and this agrees wtih the theoreticalValue.
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Liquid �7彦�$��Kerr COnStJlnt K. 10●Tesu (入一0.589tJtn) �7F�F�2�4�7C�B�R�紋H�B�"ﾗGF4ﾂ�

A �53"�◆5.23 �"綯�免ﾂ緜#�2��蔔vﾂ��陏E3���ﾃ��������經s���ﾃ����s��貞4��ﾃ�����2�?｣�s汀����CB���3C��ﾃ����sb�cetOTte Neth}.lethylketone �7D�����8自�X����◆l6.5 ◆13.6 �#�����○ .S 

PyridirLe �74���.20.I 滅｢�.～ 

EthylcyanoAcetate �74�､蔘"�◆王8.氏 �#r�7 

Blfl.hl~d �3i?｢�6ﾇ｢�.42.6 途�i 

Eh �44�46ﾄ�%2�8自?ｨ��蔟｢�◆89.9 ◆528 鉄b�1 ���53#��ﾃ���%5｢�tylB-amlnOCT'OtOnate Pさrildehyde �8�ﾄ�ﾄ蔟｢�8痔�｣���◆51.0 -23,0 ��B�S 白紊�嶋�ﾃ�ﾃ�����

BeTLはldehyde �8自?ｨ�ﾃ��●80.8 ��"����0 0 白�3CcH�ﾃ���#S"�

p-Chlorotoluene �5D�6ﾂ�◆25.0 ��B�b�I 一 亦經#��ﾃ�蔕ﾇFﾃB�

C7FiTNOZ ����sB�27 白�1.S462/ 

C7日TNO2 ����sr�25 �2�1,5475′ 

p-Nitrotoluerte Benzylalc｡hol �8�T�蓼�b�◆222 ����7 ��經3Ch�ﾂ�

C7HtO 椿ﾅ2紕�13 ���1.S599′0.0175 

I.r_cresol �8�ｴ�｣��.21.I �����2����8 0 0 ��經C���������

かChlOro且CetOPherLOne Acetophenorte �7DﾕD4飛�8�ﾄ�｣��+69.I ◆66.6 ����3 ���333��ﾃ���#�r�

OtliTtOlirle �8痔���+lS.O ��R���8 0 白緜#�8�ﾃ���S�"�

Ethylsalicy18te C8rYOne �7D���ｳ��ｲ�4��●19.6 唐�6 ���5･｢��ﾆ��#�b�

Fthylbenzoylaeetate 優6ﾇB�7Fﾄ�､��◆23.6 ●16.0 免ﾂ��"�2 8 白經S3����#���

一Ater 陪���+A.0 塔��白�333��ﾂ�

Fig. 7　TypicalKerr effect liquids
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Fig. 8　Modulation degree vs applied voltage

sincethe Kerr constant of the liquid is ten times smallerthan

nitrobenzene and the index difference betweenthe cores and

the liquid is large,the modulation degree was very small･ The

coupling efficiencywithoutthe applied voltage is measured

to be 0.2%, whLe its calculated value is l%, This would be

caused by the radiation loss bythe surface rouかIeSS inthe

etched region and the mode conversion loss at the input

transition.

Comclusioms

Anopticalmodulator in the optical fiber coupler is

proposed and experimentally verified. The measured

modulation degree was very small because of the large index

difference between the cores andthe liquid andthe small

Kerr constant of theliquid. A better performance would be

obtained if a coreglass and a liquid of large Kerr constant

were chosen so that their index difference should be small

enough. For example, if nitrobenzene (n- I.55) and core

(n=1･549) are used fわr the coupler with the electrode gap

100 Elm andwith applied voltage 1000 V, 100% modulation

can be achieved･ h this case, the temperature must be kept

within 10-2 degrees･

The development of the fiber etching techniquewill

make it possible to use this fiber coupler modulator as a

modulating branch or optical switch.
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