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Abstract

This paper presents the dedrogptic modulator with a structure of four-plate-eledrode on z-cut y-propagating LiNbO;
substrate and its transfer characteristics. The device mnsists of 4 plates of e edrodes, which are applied the dedricfields
in x and z-axes to form guiding path in the aystal. With the spedfied dmensions, the dedrooptic conversion factors of
49.1deg/V and of 5deg/V are obtained for z-axis and x-axis modulations, respedively. It isobvious that z-axisis chosen
to be the preferable diredion for the single-signal modulation. Modulation in x-axis sams to raise a problem of crossed
modulation from the z-axis. This problem could be solved by signal subtraction arrangement and provide posshility of
two-axis el edrogptic modulation.

1. Introduction

The demand for wideband optical communication systems has developed in high-speed integrated eledrooptic devicesin
these years. Eledro-optic modulators are one of the most important devices used for typical optical communications.
There are a number of structures of the high-speed modulators dructures have been proposing [1]-[5]. The simplest
structure is the one with two-pair eledrodes attached to each side of the dedrooptic aystal [1]-[2]. However, such
modulator found dfficulty with its requirement of considerably high voltages applied to vertical dedrodes. Ancther
structure in the form of Mach Zehnder interferometers fabricated with titanium in diffused LiNbO; waveguide are
proposed for eledroagptic modulators snce the advantage of the large dedrooptic coefficients of LiNbO; crystal [3], and
simple manufacturing structure. However, there is a posshle structure using a coplanar eledrode with two o more
eedrodes on the same face of the LiNbO; substrate with the waveguide situated in the region between or below the
dedrodes. The transverse dedrooptic modulator is presented in [6]. It is a novel technique in a fabrication of an
eedrooptic modulator. These techniques can fabrication of eledrodes on each face of the LiNbO; substrate and straddling
waveguides. This paper proposes the dedrooptic modulator using four eledrodes on z-cut y-propagating LiNbO;
substrate. The structure @nsists of four plates of dedrodes, which are applied the dedric fidds in x-axis and z-axis in
order to change refractive indices in bath axes, and to form the guiding medium in the LiNbO; crystal. Three éedrodes
arelaid parallel on thetop of the aystal and left one dedrode at the battom along the aystal to producethe horizontal and
vertical eledric fields acrossthe aystal. A comprehensive study is presented here in terms of the analysis of the dfed of
the phase shift and magnitude of optical output against the applied eedric fields in x-axis and z-axis. The numerical
computations will be cnducted for such effeds.

2. Method

In the dedromagnetic principles, the wave propagation inside an anisotropic dieledric medium has two distinct properties.
Firstly, the phase velocity depends on the polarization of the propagation light relative to the aystal axes. Seandly, the
phase velocity diredion could be different from the diredion of energy flow. The phase velocity can be ohktained by
constructing an index dlli psoid (or indicatrix) if the aystal does not show optical activity, which can be expressed by [7].
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where n,, ny and n, are the principal refractive indices of coordinate axes of x, y,and z respedively. The danges of the
coefficients due to the applied eledric fidd can be expressed by
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Where E; is the applied fidd, and ry are dements of the linear dedrooptic tensor. For the LiNbO; crystal, its tensor
matrix can be written by [8]-[10]
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Then index lipsoid for LiNbO; due to the applied Electric field E, E, and E, to the device may be written
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where n, and n, are the ordinary and extraordinary indices of refraction, respectively. When electric fiddsin x-zaxes are
applied, the directions and magnitudes of the principal axes of the index elipsoid are determined by its eigenvalues. The
principal axes are normal to the surface, the points of intersection (x, y, 2) with the dlipsoid can be determined by that at
such points the radius vector be parallel to the normal, that is,

Six=Ax (®)
where A is a constant independent of i. Threehomogeneous linear equations in the variables x; can be extracted from (5)

(Si1=A)x1 + SieXe + Si3x3 =0
S+ (S2—A) X2 + S3x=0 (6)
SsXs + SpaXo + (Ss3— A)xe= 0

The cndition for a nontrivial solution is that determinant of the @efficients vanished by [11]
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Thisisacubic equation with A. For losdesscrystals, §; arereal. Thethreerods, A", A” and A’ , arereal numbers. Each
of theroats defines a diredion in which the radius vedor of the quadric is parall € to the normal i.e. the diredion of one of
the principal axes. The magnitudes of the principal axes of index dlli psoid are
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The principal-axis vedors: X', X" and X"', are mutually orthogonal. In the Cartesian coordinate system these vedors are
parald tox',y, Z, respedively. When eledricfiddsin x-zaxes are applied to the aystal, the ejuations of index elli psoid
can be written by
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We @n determine the index li psoid by this method for the numerical
computations. The index dlipsoid to get in form of n’, n” and n"’,
which cause the shift phase of the optical signals aong principal axes.

3. Results

€02 The simulation results are based on the structure shown in Fig. 1. The
Z eledrooptic modulator consists of 4-plate dedrodes gructure on z-cut
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V20 y are the space and thicknessbetween eledrodes ED1-ED2, and between
” i eledrodes ED3-ED4, respedively. The g is the gap between ED1 and
x ED4, and between ED2 and ED4. The parameters used in the

(R 2 B simulation are oncluded in Table 1. The dedric fidd E, and E, are
| | defined by the applied signal in x and z diredion and the space d1 and
L d2, respedively. Fig.2 shows the phase shift and normalized optical
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voltages applied in z-axis. Fig.3 shows the phase shift and normali zed
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Fig.1. Configuration of the electrooptic modulator
using 4-plate el ectrode structure on z-cut LiNbO3



Table 1 Parameters used in simulations

optical intensity induced by the applied voltagein z-axis at arbitrary

C\)Ap/)ncal ng?l engtthh 1280 nm voltages applied in x-axis. In Fig.2 the voltage-induced phase shift
avegL\'/'v 1e eng mm in x direction has the eectrooptic conversion factor of 5.0 deg/V,
23 ym namely Vrt approximatdy of 36V, with the comparable conversion
W2 8 um of 5.0.deg/V interfered from zaxis. In Fig.3 the voltage-induced
Gap 15 pm phase shift in z direction has the dectrooptic conversion factor of
D1 38 um 49.1deg/V, namely Vit approximately of 4.6V, with the comparable

D2 0.1 mm conversion of 0.1.deg/V interfered from x-axis.

Phase Shift Output Optic in X VS Vx Amplitude of Optical field in X VS Vx

0.8} - - CE N e A
0.6 a SN e
04l -
0.2} -

y )
02F - -\ - A\ -y

Phase Shift in X axis

-0.4F -

Amplitude of Optical field in X
o

o6k /-t -\t oL\

o08t/- -+ - -
.

0 10 20 30 40 50 60 70 80
Input Voltage in X axis Input Voltage in X axis

(@ ()
Fig. 2. The phase shift (a) and normalized optical intensity (b) of output against the voltage in x axis with arbitrary
voltagesin z-axis.
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Fig. 3. The phase shift (a) and normalized optical intensity (b) of output against the voltagein zaxiswith arbitrary voltages
in x-axis.
4. Discussion

The ssimulation results show that the phase change of the LiNbO; in z direction is relatively sensitive to the eectric field
than that on the other direction. This indicates z-axis has the most strong modulation effect. Therefore, it should be
sdlected for one axis dectrooptic modulation. Two-axis modulation is also feasible for the structure by assistance with the
process as in Fig.4. The information signal in z direction is easily demodulated from the signal obtained from the
modulator. However, in x direction, the demodulated signal contains the information signals of both x and z directions
with the approximately same conversion factors. By subtracting the modulated signal in x direction with the signal in z
direction, theinformation in x direction is possible retrieved. So, the structure would be impractical for the QPSK system
However, if the offset voltages are provided to both axis, the device could be for digital PSK modulation since it does not
require the balance of the modulated signals. This structure is just guidance for the devel opment of device in integrated
opticsin terms of the signal mixing such as signal modulation, optical sensors, optical switches etc.
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Fig. 4. Two axis sgnal demodulation by the arrangement of signal subtraction to retrieve the information signal appliedin
x diredion.
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5. Conclusions

The dedrooptic modulator with four eedrodes has been analyzed in terms of the modulation phase change due to the
transverse applied voltages. For the z cut LiNbO; substrate modulator, z-axis is the appropriate diredion for the single
signal modulation because of its high eledrical to gptical conversion — nearly ten times for the quoted dmension. For the
two-axis modulation, crossd interfering could be taken place However, this problem could be overcome by signal
subtraction arrangement. So the z-cut LiNbO; eledrooptic modulator with four eledrodes could therefore operate @ther
single- or two-axis modulation.
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