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CHARACTERISTICS OF COPLANAR WAVEGUIDES WITH METAL COATING ON MULTILAYER SUBS-
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ABSTRACT

We propose in this paper the design of non sy-
metric electrodes for broadband electrooptic modulator
with low drive voltage. Traveling wave electrodes latera-
ly shifted to reverse the direction of the applied electric
field, are used to obtain a more constant phase variation.

The finite elements method is used to compute
the electrodes characteristics taking into account both
the electrodes and the buffer layer thickness.

Numerical results are given for LiNb03:Ti subs-
trate at 1.52 um wavelength.

INTRODUCTION

To overcome materials limitation bandwidth in
optical modulators, some authors (1) have proposed the
concept of effective velocity rnatching based on device
geometry : the traveling wave electrodes are lateraly
shifted periodically to compensate the microwave opti-
cal walkoff.

We propose and analyze structures havinga cons-
tant phase variation. In particular, it was shown that mi-
crowave losses effects at high frequencies can be com-
pensated by increasing vhase variation at these frequen-
Cles.

OPTICAL CHARACTERISTIC

In Fig.l we give the geometry of a typical elec-
troptic modulator composed of :

- two diffused titanium strips in which will be
excited TM modes ,
~ a coplanar microwave line,
- a Si02 buffer layer placed in sandwich between
the optical waveguides and the metallic electro-
des, to prevent optical reflection.
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Figt : TRAVELING WAVE MODULATOR

Using results published n (2) and (3), to compute
TM effective index mode, we have drawn (Fig.2) the op-
tical coupled length Lc versus the distance D which se-
parate the two titanium strips. W and e are respectively

the titanium width and thickness, and, t and T are res-
pectively the time and temperature diffusion.

Le(mm)
20. |
C1
e=0.085um, W=9.um
0. b t=16.heures c2
C1 : T=1000.°C
C2 : T=1050.*C
a.
2r W D W
I 1 [ ]
1. 1 ! 1 1 1 1 1 '
o. 1. 2. 3. 4. 5. 6. 7. EX
D( um)

Fig2 : OPTICAL COUPLED LENGTH

MICROWAVE CHARACTERISTICS OF COPLANAR
ELECTRODES

In (4) we have proposed a new method to measu-
re the complex permittivity tensor values of electrooptic
materials. For LiNb03 at 10 GHz we have measured :

E //= 45.

ELl = 28. 4

tg(8) = 4.3 107

In traveling waves electrooptic modulator, we ha-
ve to consider 2 types of coplanar electrodes (Fig.3). One
with 2 no symetric metallic strips and the other with 3
no symetric metallic strips.

Fig3
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b) ELECTRODE with 3 COPLANAR STRIPS
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In each case, the lowest width strip is the mi- >

crowave conductor, and the others are the ground plane. eff
The electrodes characteristics have been com-

puted by using the finite elements method. Using QUA-

SITEM approximation, the fields along the propagation

axis (ox) are supposed equal to zero. 17.
For a 3 metallic strips (thickness 0=3 um), we

have drawn as an example the equipotential lines (Fig.4).
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G1 ) From this analysis, we can show first that the
(um conductors thickness cannot be neglected, and that we
20. 1 v - = =5 cannot have simultaneously a matched 50 Ohms electro-
°- 2o ’ ) ) ) de and an optimum overlap integral.
However the Si02 buffer layer (er=3.83) increases
s e the characteristic impedance. Fig.7 and & relative to the
Fig5 : CHARACTERISTIC IMPEDANCE 3 metallic strip electrodes, show the variation of ceff
and Zc as a function of Si02 buffer layer thickness.
. o Zc(Ohms)
We have also studied the characteristic impe- so. [ Gi1= 6. um
dance Zc and the effective permittivity eeff, that we can G2=100. um
obtained with these two types of coplanar lines. Fig.5 and &
6 are relative to the 2 metallic strip electrodes on LiNb03 as T = 3. um

substrate.
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Fig7 : CHARACTERISTIC IMPEDANCE

Figd : EQUIPOTENTIAL LINES
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Fig8 : EFFECTIVE PERMITTIVITY

So in conclusion, it is shown that in the elec-
trooptic traveling wave modulator analysis, it was neces-
sary to take into account both electrodes and substrate
dimensions to optimize the electrode characteristics (Zc
& eeff). These parameters are very important for the
optimization of electrooptic traveling wave modulator
characteristics.

INTENSITY MODULATOR

For periodic shift and reversed electrodes, it
has been shown that the induced phase shift was also pe-
riodic. But some other geometries of structures permit to
obtain more constant phase shift.

Non periodic structures of modulator devices
are presented in F1g.9 ; we note them :

Il case : intermitent interaction

IE case : increase efficiency

L2 \’ R2 L3

L1 R1

IE case

Il case

Fig9 : ELECTRODES DEVICES

The uniform case and the phase reversed case
are equivalent respectively, to the II and the IE case,
with Ri=0 (i=1,N).

Phase results should be interesting only for
MACH-ZHENDER rmodulators, but in this paper we consi-
der essentially directional couplers which have 2 inputs
and 2 outputs.

The static characteristics of such directional
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couplers are obtained by multiplying the transfert matrix
of each element of the N length (Li, i=1,N) electrodes (5).
Numerical results give the minimum drive volta-
ge for an optimum optical coupled length and for a de-
termined total circuit length. In Fig.10 we give as an
example an operational diagram for :
N=t, L1=L&4 and L2=13=2*%L1

LT/Lc

1 . o " 4

ABL/ w

Figi0 : OPERATIONAL DIAGRAM, N=4, L2=|3=2#1=2x4

We can note that a non symetric length electro-
des circuit destroysthe cross and parallel states. Howe-
ver, some values of integer ratio L/Lc, should be interes-
ting for modulation ; here : L/Lc=2,

To estimate the bandwidth, we first compute the
electrode dimensions to have an optimum overlap for a
given optical coupled length ; the electrode gap (G) is
taken equal to the distance between the 2 dielectric wa-
veguides, and generaly the electrode width is equal to
the titanium diffused width.

We have also choosen to match the electrodes to
50 Ohms, for minimum microwave reflection losses.

The optical coupled length is taken equal to 7.5
mm, Nm and No are the microwave and the optic inde-
xes, which are respectively equal to 3.4 and 2.14.

With a microwave attenuation equal to 1 dB/cm/
VGhz, we give in Fig.11 the bandwidth for the non syme-
tric case. The meanders are supposed to be not coupled.

L1=7.5 L2=5.25 & L3=1.75 mm
R1=0 & R2=0 or .75

For non symetric structures, the drive voltage
and the bandwidth increase, but the analysis of the cir-
cuit parameters permitsto optimize simulameously these
two characteristics.

CONCLUSION
We have extended optical modulation electrodes
to non symetric structures. Then we have shown that
choosing appropriate circuits characteristics we can in-
crease bandwidth of this type of electrooptic devices.
We have also shown that the electrodes and
buffer layer thickness cannot be neglected.
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