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TE-TM mode splitter with heterogeneously
coupled Ti-diffused and Ni-diffused
waveguides on Z-cut lithium niobate

Ruey-Ching Twu, Chia-Chik Huang and
Way-Seen Wang

A coupling type mode splitter with an extracrdinary polarisation
and a random polatisation waveguide made by Ni and Ti
indiffusicn, rospectively, on a Z-cut LiNDOy subsirate is described
for the first time. With optimised process paramelers, a very small
T™ mode profile mismatch is obtained due to the similar
characteristics of the Ti- and Ni-diffused wavepuides. The
measured extinction ratios of the TE and TM modes at 1.55um
wavelength are > 22dB,

Introduction: Integraled TE/TM mode splitters are essential com-
ponents for use in optical communication and sensor systems,
Most splitters either have a directional coupler or a Y-branch
structure based on the interference or the sorting effect of optical
modes [1 - 5], respectively. [n the [ormer, the spatial separation of
the TE and TM modes is due 1o the diffecence in coupling lengths
between the two palarisations. To obtain a high-output extinction
ralio, the interaction length must be precisely conirolled io an odd
number of coupling lengths for one polarisation and an even
number of coupling lengths for the other polarisation, Moreover,
a long inferaction length is desirable when the coupling length dif-
ference is small, Therefore, to relax the [abrication tolerance and
reduce the interaction length, asynunetrie, rather than symmetric,
couplers with a large propagation constant difference (AP > 0) for
one polarisation and a near-zero propagation constant dilference
(AR == 0) for the other polarisation have been proposed [1, 2]. The
specified polarisation (A = () can be iranslerred to the cross-
waveguide and the other polarisation (Af = 0} is still kept within
the threygh waveguide. Based en coupled-mode theory, its maxi-
mum coupling ratio is dependent on the ratio of WA and interac-
tion length, where x is the coupling coefticient [1].
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Fig. 1 Schematic diagram of heterogeneous directional coupler

(i) TI waveguide (TE/TM)
(i) NI waveguide (TM)

In this Letter, a coupling-type mode splitier consisting of an
extraordinary and a random polarisation waveguide made by Ni
imdiffusion (NI} and Ti indiffusion (TI), respectively, on a Z-cut
LiNbOQ; substrate is demonstrated for the first time. In the past,
extraordinary polarisation waycguides formed by NI techniques
have been reported and applied to the fabrication of Y-branch
mode splitters and Mach-Zehnder modulators on LiNbQO; sub-
steates at 0.6328 or 1.32um wavelengths [4 — 6]. With some specific
process parameters, the waveguide supports only the extraordinary
waves duc to the large changs in the extraordinary index (As, = @)

and near-zero chunge in the ordinary index (An, = 0). Compared
with the similar splitter in [l}, our proposed splitter using the NI
waveguide to replace the proton exchanged (PB) waveguide has
two advantages. First, to attain the maximum coupling ratio for
the extraordinary wave, X must be preater than AR, which leads to
a relatively narrow waveguide spacing, Unlike PE wavegnides
where An, < 0, the ordinary wave in the TI waveguide is unal-
fected by the adjacent NI waveguide (An, = 0) when the
waveguide gap i8 reduced. Secandly, on Y-cut substrate, well-con-
fined PE waveguides cannot be easily realised especially for opera-
tion in the near-IR wavelength region due to surface damage [8],
whereas a single cxtraordinary-polarisalion waveguide on a Y-cut
substrate can easily be realised using the NT technique. Moreover,
if the interaction length is not an odd number of caupling lengths,
then a reverse electrode can be used to adjust only the extraordi-
nary wave coupling, where the ryy coofficient is utilised, which is
{arger thin the ryy cocfficient used for ordinary wave in the design
in [3]. Thus, a lower swilching voltage is achieved.

Experiments and resulis: A schematic: diagram of the proposed
splitter is shown in Fig. 1. A sel of heterogencous couplers with
different interaction lengths (£ = 1, 2, 3, ..., and 9mm) was fabri-
cated on Z-cut LiNbO, substrate, The gap width & between the T1
and NT waveguides was 6um, The width W and bending angle 6
of two waveguides were 8um and 0.5°, respectively, The centre-lo-
centre distance D belween (wo oulput waveguides was 32(m.

As the diffusion of nickel is [faster than that of titanium [7], the
TI waveguide has to be made [irst by diffusing a titanivm strip of
thickness 400A ai 1050°C for 8h, To aveid the Tormaticn of an
unwanted outdiffusion guiding layer, the sample was sealed with
platinum foil and placed in a covered alumina crucible which was
then put in a bigh temperature oven. The sccond step involves fab-
ricating the extraordinary-polarisation NI waveguide by dilTusing
a nickel strip of thickness 350A at §50°C for 2h, In our mieasure-
meni, the characteristics of the TT wavepuide were hardly changed
during the NI process. After the previous two diffusion steps, the
substrate end faces were cut and polished to allow end buit con-
pling. A distributed feedback laser with wavelength b = 1.55um
was uscd for the measurement. Incident linearly polarised light
controlled by the polariser was coupled into the front end face of
the TI waveguide using a =40 lens and the cutput beams were
imaged onto a CCD camera or an InGaAs photodetector also
using a x40 lens.
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Fig. 2 Measured coupling ratio against interaction length for TM mode

e fitted
® measured

Using the optimised process parameters for the fabrication of
the TI and NI waveguides, similar TM mode (the cxtraordinary
wave) profiles were obtained, The values of W, were 9.1 and
9.2um for the TI and NI waveguides, respectively, and the values
of ¥, were 6.4 and 6.5um for the TI and NI waveguides, respec-
tively, where W, and ¥, are the mods sizes (full width at half
maximum power intensity) in the directions parallel and perpen-
dicular to the erystal surface.
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Fig. 2 shows the coupling ratio against interaction length and
the maximum coupling ratio was 0,993 for the TM mode, From
the fitted curve, the values of x and AR are about 0.68 and
0.058rad/mm, respectively. The corresponding coupling lenpgth and
the effective index difference AN (=AP x A2m) are 2.3mm and 2.8
® 1073, respectively. The shortest interaction length is ~1.4mm for
an almost complete spatial separation of TE (the ordinary wave)
and TM modes. Fig. 3 shows the oulput intensity profiles of the
near field at L. = émm with incident light polarised at angles 90°
(TE wave}, 0° ¢(TM wavc), and 45° (both TE and TM waves) rela-
tive to the z-axis. The extinction ratios of the TE and TM modes
are defined as Rpy = 10log(PIE/PIE) and Ry, = 10log(PEHIPI,
where PIT is the fractional TE output power in the TT waveguide
{and similar definitions for PI¥, PE, and PL}). The measured
TM and TE mode extinction ratios were ~22dB and > 35dB,
respectively,

g

Fig, 3 Quepnit neqr field intensity profiles using different incident waves
¢ TE wave only

b TM wave only
¢ Both TE und TM waves

Conclusion: A heterogeneously coupled Ti- and WNi-diffused
waveguide fabricated on Z-cut LINbO; has been used fo realise an
efficient polarisation splitter. The output exlinction ratios of the
TM and TE modes at 1.5um wavelength are > 22dB at L = 6 mm.
The shortest interaction length is Ldmm for almost complete sep-
aration at & = 6pm, which is acceptable for optical integration,
Details of the practical application will be of great interest in the
near [uture,
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0.7W in singlemode fibre from 1.48um
semiconductor unstable-cavity laser with
low-confinement asymmetric epilayer
structure

S. Delepine, F. Gérard, T. Fillion, J. Pasquier,
¥, Gaborit, I.P. Chardon, F. Boubal and P. Salet

Applied to 1.48m high-power unstable-cavity lasers, the concepl
of low modal sain s demonsiraled 1o cfficiently repel
filamentation effects, enabling more than 700mW to be coupled
in a singlemode libre from a single semiconductor laser diode.

With the current development of dense wavelength division mwlti-
plexing (DWDM) networks, Raman amplifiers and EDFAs with
saturation power > 25dBm are requited, which means that very
high pump power from a single device is desirable. From this
point of view, unstable-cavity lasers emitting > 1W near-diffrace
tion-limited power can be considered ideal sources when cfficiently
coupled into singlemode (ibres. Recently, with this type of semi-
conductor lascr, a diffraction-limited power of 1.8W was obtained
[1]; however, the sinplemode fibre coupled power was limited to
~500mW [2). The main limitation seems to be the degradation of
the mode. At shorter wavelengths the dependence of the beam
quality of tapered amplifiers-on the modal optical gain was dem-
onstrated [3]: a low modal gain enables the optical index variation
due to spatial-hole burning (SHB) to be reduced. However, the
parameter used 1o decrease the confinement value was the thick-
ness of the two confinement layers, which may change some beam
propertics such as optical mode size and singlemode behaviour,
and therefore degrade the coupling capability of the beam.
Recently, a more versatile asymmetric design was applied to
broad-area lasers at 970nm [4), which led to record high output
power before catasirophic optical damage. We have successfully
improved the design of our 148 laser steuctures by adapting
the latter low-confinement concept 1o a longer wavelength, ena-
bling us to obtain significantly better medal characteristics and
therefore higher singlemode {ibre coupled power than previously
reported [5].

Fig, 1 Schemmic dingram of unstable-cavity faser

As shown in Fig. 1, the device consists of a 3pm wide single-
mode ridge waveguide followed by a flared amplifying section
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