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ABSTRACT

MICROWAVE CHARACTERISTICS OF

R. DELRUE, E. PALECZNY, J.F.
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LEGIER, P. PRIBETICH, P. KENNIS

CENTRE HYPERFREQUENCES ET SEMICONDUCTEURS, Equipe Electromagn6tisme des Circuits

U.A. CNRS n“ 287, U.S.T.L. Flandres Artois, 59655 Villeneuve d’Ascq Cedex - France

We present in this communication an attempt

to modelize new traveling wave optical modu-

lators in the microwave frequency range by two

methods : a desktop computer one based on the
effective complex dielectric constant and a

more rigourous method : the mode matching
technique.

INTRODUCTION

Electrooptic waveguide modulators with high

frequency drive capability and moderate operating
voltages are important components in high speed

optical communications. Devices in III-V semicon-

ductors are of growing interest because they have

the potential of monolithic integration into

electronic circuits, lasers and detectors.

Different types of modulator have been deve-

loped :

- Integrated Mach Zehnder interferometers [1]

(they allow amplitude, frequency and phase modula-

tions.
- Directional couplers (they can be used either as

modulators or as switchers) [2].

In order to achieve higher bandwidth than

lithium niobate modulators, high optical Power

density and monolithic integrability, p.i.n.

microstrip modulators have been proposed but high

microwave losses and slowing effects [3], [5] do
not allow efficient optical modulation despite of

a nearly 100% overlap of the optical field and the

electric field. Some authors [b] have proposed new

tOPOIOgies (figure 1) as good candidates for
single pass traveling wave modulator. In fact,

the design of such devices which couple microwave

and optical signal needs to characterize both the

behaviour of the structure in the optical frequen-

cy range and in the microwave frequency range. The

purpose of this communication is to quantify both
bulk microwave losses and metallic ones but also
to determine the phase velocity in the microwave

frequency range. This study is made by taking into

account the geometry of the cross section of the

structure, the multilayered nature of waveguide

and the hybrid nature of the mode.

NUMERICAL STUDY

The aim of the numerical simulation of the

structure in the microwave frequency range is to

obtain propagation characteristics necessary to

evaluate the efficiency of the single pass travel-

ing wave electrooptic modulator. The structure

figure l-a is a dielectric loaded optical guide
single mode at 1.3um with symmetric coplanar strip

electrodes plated with one electrode crossing over

the guide.

The rf and dc applied electric fields are

parallel to the <100> crystal axis. The structure

figure l-b is a ridge optical guide single mode

with symmetric coplanar strip electrodes on either

side of the guide resulting in the applied elec-

tric field parallel to the <011> direction. In

order to simulate the microwave structures, we

must consider modelized structures. The figure 2

shows the models. In a first step, we have focused

our attention on the structure 2.b. Two parallel

studies have been developed : a rigourous one
which is the mode matching technique and a clas-

si cal approached method which can be easily

implemented on a desktop-computer : the method of

the effective complex dielectric constant.

THE BASIC STRUCTURE AND THE METHODS OF ANALYSIS

The basic structure
The investigated waveguide structure is shown

on figure 3. As we can see, the cross section

located in the xoy plane is composed with seven
regions which are noted O, 1, 2, 1’, 3, 4, 5 with
different complex permittivity C*O, C]tl * C*lT,

C*2, =*3, C*4, c*5. AS we want a generalized for-
mulation, the vertical plane (Y = h2) can be

considered as an electric or magnetic wall accor-

ding with the studied propagated mode of the wave-

guide.

The reference method
Matching Technique

The method used

of analysis : the Mode

to calculate the complex
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phase constant -& . Wz + jKz is the well known
Mode Matching one, which has been used by several

authors these last years [6]. A complete set of

field solutions is derived for each subdomain ‘Ii?!

of complex permittivity constant ~*i = S!i - je”i.

It is assumed that the dependence of the whole
field components refered to the z coordinate, can
be expressed as a function of exp (-~),~z being

the complex longitudinal propagation constant

previously mentioned. All the x and y dependence

of the fields is formulated using harmonics func-
tions excepted in region I where the x field

behaviour is given by an exponential decay. So,

the electric and magnetic field potential expan-
sions respectively $by, by, can be written, accor-
ding to the boundary conditions on the magnetic or

electric walls at y = hz, y . 0 et x = - L5, as

followed :

Subdomain O

Subdomain 1

Subdomain 2. for electric wall

Subdomain 2 for magnetic ~,all

Subdomain i (i=l ’,3,4)

Subdomain 5

In equation (1) to (10), Kx(i) and Ky(i) are

the com lex wave numbers of the TMy modes and
&

R(i), Ky(i) those of the corresponding TEY modes

in the different subarea. These equations describe

a complete solution for the fields if N and M

become infinite. From the continuity relations in

the different plane x =~Ll, y . 0 and y . h~, we

obtained a complete set of relations which must be

numerically solved in complex domain.

The method of the effective complex dielectric

constant (ECDC)

The effective dielectric constant approxi-

mation is actually quite an old one, but it is a

very simple and practical method for obtaining

reasonably accurate values of kz for a wide range

of dielectric waveguide structures as Toulios,
Itoh and other authors have shown it [7], [8],

[9], [IO], inthelossless case.
SO, it has seemed interesting by comparison

with MMT to evaluate the potentiality of this

method in the determination of the attenuation-z

and the propagation constant Kz of 10SSY dielec-

tric waveguide via the calculus of an effective

complex dielectric constant.

NUMERICAL RESULTS

Aft er the classical tests on lossless

structures, we present figure 4 a comparison

between ECDC and Mode Matching results for mode-

rate 10SSY structures. For such cases, the two

methods give quite similar results.

However, when more realistic structures with high
doped multilayered substrate are considered, only

rigourous method (Mode Matching for example) can

be used. In this mind, we present, figure 5 the

frequency behaviors of the attenuation constant

and the phase velocity in the microwave frequency
range of the structure 2-b for several sets of

geometrical and physical parameters. As example,

in the proceeding, we have only presented the
limit case when the studied structure 2-b is not

depleted and so exhibit the maximum losses and
slowing factor due to the presence of the multi-

layered doped substrate, Note that in this case,

the microwave phase velocity is yet much lower

than the optical phase velocity and so induce
mismatching between optical and microwave signals.

CONCLUSION

We have presented in this communication a

first step of the modelization of new traveling

wave optical modulators by two kinds of methods :

a desktop computer one (the method of the effec-
tive complex dielectric constant) which is an

approximate modelization but simple and a more

rigourous method : the Mode Matching Technique.

However, at this time, the validity OF the results

obtained by the Mode Matching Technique as compa-
red to the experimental ones are conditioned by

the choice of the model of the struct]~re. The next

steps of the study will include more realistic
model taking into account. the air gaps between the

electrodes and the rib structure. So, with such
improvements , we shall study with accuracy, the

influence of the doping level of each semiconduc-
tor layers, as the influence of different. bias
voltage values.
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Figure 5 : Frequency behaviour of Microwave cinaracteris;ics

5a. Microwave phaae velocity
5.b. Microwave Attenuation constant

L1 - 0,25um, - L1 - 0,25pm, - L2 - 0,75pm, - L3 - l,75um, - L4 = 3,75 #m, - L5 - 10oum
.

hl - 60pm, h2 == 62,5P, Cro - 1, cr2 - 12,2, Sri, - 12,2, cr3 - 13,1. er4 - 12.2,
C2.5 = 13,1

❑:ND2 - lo16At/cm3, ND1! = lo16At/cm3, ND3 - 1013At/cm3, ND4 - lo16At/cm3.

iSND2 - 1015 At/cm3, NDli - 1015 At/Mf13, ND3 - 1015 At/cm3, ND4 - 1015 At/cm3.
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