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

Ruey-Ching Twu, Chin-Chili Huang and 
Way-Seen Wang 

A coupling type mode splitter with an extraordinary polarisfltion 
and a random polarisation waveguidc inadc by Ni and Ti 
indiffusion, rcspoctivcly, 011 B Zcut LiNbOJ substmle is described 
for the first timc. With optiinisd process paramekrs, il very small 
TM modc pwfilo mismntch is obtained due to the similar 
characteristics of the Ti- atid N i - d i f f k d  waveguides. The 
measured extinction ratios of tho TO and TM modes Lit 1 . 5 5 ~  
wavelength arc > 22dB. 

Inrroduction: lntegraled TFRM mode splittcrs arc csscntial coiii- 
poncnts for use in optical communication and sensor syste~ns. 
Most splitters either have zi directional wuplcr or a Y-branch 
structure h a s 4  on the interferen? or the sorting erect of optical 
modes [I - 51, respectively. h tho l"oniier, the spatial separation of 
the TE and TM modes is due lo the difference in coupling le~igths 
between thc two polarisalions. To obtain a high-output extinction 
ratio, the interaction length must bc prcciscly controlled lo an odd 
rmmber of coupling lciigths for une polarisation and an even 
number of coupling leiiglhs for the other polarisation, Morcovcr, 
a long interaction length is  desirablc when the coupliilg length dif- 
ference is small. Thcrcforc, to relax the fabrication tolerance and 
reduce the interaction length, asynuiietric, rather than symmetric, 
couplers with a large propagation constant differenoc (AV > 0) for 
one polarisatioii and a near-zero propagation coilslant difference 
(AB = 0) for the other polarisation have bcen proposed [I, 21. The 
specified polarisation (AP = 0) can be traderred to the cross- 
waveguide and thc othcr polarisation (AB > 0) is still kept within 
the through waveguide. Based on conpledmode theoiy, its maxi- 
muni coupling ratio is dependenc on the ratio of tdAp and i n k r w  
tion length, where K is the coupling coefficient. [I], 

(I) 

2 L c 4 (11) 

400111 
Fig. 1 Scheniaiic diagrani i$helerogcrieous clircctiunol coripltr 
(i) TI waveguide (TETM) 
(ii) NI waveguide (TM) 

In this Letter, a coupling-type mode splitter consisting of an 
extraordinary and a random polarisation waveguide ma& by Ni 
indiffhsion (NI) and Ti indiffusion (TI), respectivcly, on R 2-cut 
LiNb03 substrate is demonstrated for the first lime. In the past, 
extraordinary polarisation wavcguidcs foniiccl by NI techniques 
have been reported and applied to the fabrication of Y-branch 
inodc splitters and Mach-Zehnder modulators cm LiNbO, sub- 
strates at 0.6328 or 1.32pi1 waselengtlis [4 - 61. With some specific 
process parameters, the waveguidc supports only the exlraordinary 
waves duc to thc large change in the extraordinary index (&ie > 0) 

and near-zcro chuinge in the ordinary indcx (An, = 0). Coinpared 
with the similar splitter in [I], our proposed splitter using thc NI 
waveguide to replace the proton exchmgcd (PB) w;ivcgiiidc has 
1wo advantages. First, to attain the maximum coupling ritio for 
the extraordiiiary wave, K must be greater than AP, which leads to 
a relntively narrow waveguide spacing. Unlikc PE wuvegiiides 
where bo i 0, the ordinary wive in the TI wavcguide is unar- 
fectad by thc adjaccnt NI waveguide (&io = 0) when the 
waveguide gap is reduced. Secondly, on Y-cut substrate, well-con- 
fined PE waveguide$ cnntiot be easily realiscd especially for opcra- 
tion in the near-IR wavclciigth rcgioii due to surface damage [SI, 
whereas a siiiglc cxtraortlina~-polarisation waveguide on a Y-cut 
subslrate can easily be realised using the NI technique. Moreover, 
if the interaction length is not an odd number of coupling lenglhs, 
then a reverse electrode can be used to ndjnst only the cxtraordi- 
nary wave coupling, whcre thc 153 cocficient is utilised, which is 
larger t h n  thc rI3 cocficient used for ordinaty wave in the design 
in [3]. Thus, a lowcr swikliing voltage is achieved. 

Experimenlr and resrrbc A schcniatic diagram of the proposed 
splitter is shown in Fig. 1. A set of heterogeneous couplers with 
diffcrcnt interaction lengths (I, = 1, 2, 3, ..., and 9") was fflbri- 
caleti on Zait LiNb03 substrafe. The gap width G betwem the TI 
and NI waveguides was 6 p .  Tlic width W and bending angle 0 
of two waveguides were 8~ and 0.5", respcctively, The centrelo- 
centrc distance D bclween two oulput waveguides W R S  B Z p .  

As thc diffusion of nickel is hster than that of titanium [7], the 
TI wuvcguide has to be made first by diffusing a titanium strip of 
thickncss MOA ai 1050°C for 8h. To avoid the rormation of an 
unwanted outdiffusion guiding layer, the sample was sealcd with 
platinum foil and placed it]  a covercd aluinina crucible which was 
then put in n high temperature oven. Thc sccond step involves fab- 
ricating the extraor~inary-polarisatioii NI wavcguidc by diKusiiig 
a nickel strip of thickness 350A at 850°C for 211. In our measurc- 
inent, the characteristics of the TI waveguide were hardly changed 
during the NI process. After the previous two diffusion steps, thc 
substrate end faces were cut and polishcd to allow cnd bull cou- 
pling A distributed feedback lascr witli wavelength h = 1 . 5 5 ~  
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 x40 lcns and thc output bcams were 
imaged onto n CCD cm" or iiii InGaAs photodctmtor also 
using a x40 lens. 

O2 t 
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Fig. 2 Meusitred coiiyliiig r d u  ugninsl intermtion length fur T M  mode 

. . . . . . , . . . . fitted 
0 measured 

Using the optiinised process parameters for the' fabrication of 
the TI and NI wavcguidcs, similar TM mode (thc extraordinary 
wave) profiles were obtained. Thc Valucs of W, wcrc 9.1 and 
9 . 2 ~  for thc TI and NI wavcguidcs, respectively, and the values 
of W, were 6.4 and 6.5tut-1 far the TI arid NI waveguides, rape0 
tively, where W, and W, are the mode sizes (fill1 width at half 
maximum power intensity) in the directions parallel and pcrpcn- 
dicular to thc crystal surfacc. 
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Fig. 2 shows the coupling ratio against interaction length and 
the maximum coupliug ratio was 0.993 for Lhe TM modc. From 
the fitted miw, the values of x and Ap are about 0.68 and 
O.O58rad/mm, respectivcly. The corresponding coupling length and 
(he effective index difference AN (=Ap x U2z) are 2.3" and 2.8 
x 1P5, respectivcly. The shortest interaction length is -1.4mm for 
an almost complete spatial separation of TE (the ordinary wave) 
and TM modes. Fig. 3 shows thc output intensity profilcs of the 
near ficld at E = 6mm with incident light polariscd at angles 90" 
(TE wave), 0" (TM wdvc), nnd 45* (both TE and TM waves) rela- 
tivc to the z-axis. The extinctiou ralios of the TE and TM modes 
are defined as ATI: = l O l o g ( P ~ f / P ~ ~ )  and R, = 10log(P~'f/P~~f), 
where PTf is thc fractional TE output power in the TI waveguide 
(arid similar definitions for PF;f, Pi;, mid Pz)'). The rncasurctl 
TM and TE mode extinction d o s  wcrc -22dR and > 35dB, 
respectively. 
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c Hoth TE niid TM wives 

Conchion: A hctcrogeneously coupled Ti- and Ni-ditlkscd 
waveguide fabricated on Z c u t  LiNb03 has bccn used to realise a n  
efficient polarisation splitter. The output cxhction ratios of thc 
TM and T E  modes at I Spun wavelength are > 22dB at L = 6mm. 
The shortest interaction Icngth is 1.4" for almost complete sep- 
aration at G = 6 p ,  which is acceptable for optical integration. 
Details of the praclical application will be o f  grwt interest in the 
near humre. 
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0.7 W in singlemode fibre from 1.48pm 
semiconductor unstable-cavity laser with 
low-confinement asymmetric epilayer 
structure 

S .  Delepine, F. GCrard, T. Fillion, 5 .  Pasquier, 
F. Gaborit, J.P. Chardon, F. Boubal and P. Snlet 

Applicd to 1.48ym high-power unstable-cavity Inscrs, thc cuncepl 
of low inodal gain is demonslrnted to cflicicntly repel 
filamcntation cffccts, eoabling more Ihnu 7001nW to be coupled 
in a singlemode libre from a single scmicondnctor laser diode. 

With the ciIri.en1 tlevclopment of dense wavelength division multi- 
plcxing (DWDM) networks, Raman iinnplifiers and EDFAs with 
satuintion power > 2SdBm are required, which means that very 
high pump powcr froin a single device is  desirable. From this 
point of view, unstableczivity lasers emitting > 1 W near-diffrac- 
lion-limited power cnti be considcrcd ideal source3 when cfficicntly 
coupled into siiigfcinode fibres. Recently, with this type OF semi- 
conductor laser, a diffraction-limited power of 1.8 W was obtnined 
[I]; howcvcr, the singlemode fibre coupled power was limited to 
-5OOniW [2]. The inain limitation seems lo be the degradation of 
thc mode. At shorter wtwelengths thc dcpcndence of the beam 
qualily oP tapered amplifiewon the modal optical gain was dem- 
onstrated [3]: a low inodal gain enables the optical itidex wiation 
duc to spatinl-hole burning (SHB) to bc rcduced. However, thc 
parmnctcr used lo decrease the confincmncnt value was the thick- 
iicss of the two confinement layers, which may change somc beam 
properties such PS optical mode size and singlemode behnviour, 
and therefore degrade h e  coupling capability of the h i m .  
Recently, a more versiitilc iisymmetric design was applied to 
broad-area lascrs at 870nm [4], which led to record high output 
power before catastrophic optical damage. Wc have successfully 
improved the design of our 1.48~11 laser structutxs by mlapling 
the la(ter low-confinement concept 10 B longer wavelength, ena- 
bling us to obtain significantly better modal chsriictcristics and 
therefore higher singlemode fibre coupled power than previously 
reported [SI. 

As diawn in Fig. I ,  tlw device consists or a 3pm wide single- 
modc ridge waveguide followed by a flarcd ampIi€ying section 
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