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With the increasing scale of integration, resulting in a higher on-chip complexity,
waveguide crossings with good performance are becoming increasingly important.
Worst-case paths contain a high number of crossings, depending on the number of
channels being processed, in switching matrices [1], multiwavelength add drop
filters [2] {up to-15),-and-optical cross-connects [3]. Crossings with very low
crosstalk and loss can be realized in fiber-matched waveguide structures as used in
lithium niobate or silica-based technology [4, 51. In highly integrated semiconductor
devices, crossings may contribute significantly to the loss and crosstalk perfor-
mance. In this paper we present the results of a series of experiments for the
design of high-performance semiconductor waveguide crossings.
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Design

For our experiments we used a ridge-type waveguide structure as depicted in
Figure 1. Two methods have been used to analyze the performance of waveguide
crossings realized in this structure, both in combination with a two-dimensional
Effective Index Method (EIM), and both for TE and TM polarization. First, the
theory of Multiple Scattering Interaction (MSI) [6] was used, from which it can be
found that the crosstalk vanishes for specific values of the intersection angle. These
angles are also referred to as “magic angles.” For the analyzed waveguide struc-
ture, the MSI predicts a magic angle at 10 to 11 degrees and one at 30 to 35
degrees, as depicted by dashed lines in Figure 2 (a, b). For the second analysis,
which was performed for comparison, a two-dimensional Beam Propagation Method
(BPM) was used. The results are shown as solid lines in the same graphs. Tt can be
seen from these graphs that at the predicted magic angle of 10 to 11 degrees the
BPM shows a local decrease in the crosstalk, which is, however, less pronounced as
the value predicted with the MSI theory. This is probably due to power conversion
from the fundamental mode to the first-order mode, which we observed with BPM
analysis and is not accounted for by the MSI theory. o

The fabrication tolerance of the magic angle was investigated by analyzing the
effect of a change in the width of the waveguide. A 0.2-um change in the
waveguide width results in a shift of the magic angle of 1 degree. The crossings
were investigated experimentally in an interval of a few degrees around both
predicted magic angles. For a more accurate measurement of the excess loss, five
crossings were placed in series.

¥abrication

Waveguide crossings have been fabricated in a MOCVD-grown InP/InGaAsP
(A, = 1.3 um)/InP ridge waveguide structure. A 100-nm thick PE-CVD deposited

SiN, film was used as the masking layer, and waveguides were RIE-etched using
CH,/H, to a depth of 80 nm into the guiding layer employing an etch/descum

2 pm

0.3 um

0.6 um

InGaAsP(hg = 1.3 pm)

InP substrate

a

Figure 1. Schematic diagram of the used waveguide structure.
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. Figure 2. Crosstalk values versus intersection angles for (2) TE polarization and (o) TM
polarization. Lines denote predictions: two-dimensional BPM simulations (solid line) and
theory according to [4] (dashed line).

process 'to reduce the scattering losses [7]. Waveguide losses were measured 1.8
dB/cm for both TE and TM polarization. :

Experimental Results

A Fabry—Perot laser operating at 1508 nm was used to measure the crosstalk and
excess loss of the crossings. Measurement results of the crosstalk are shown in
Figure 2(a), (b) for TE and TM polarization, respectively. Crosstalk values lower
than —30 dB have been measured for angles greater than 30 degrees. As can be
seen in both graphs, the MSI gives a good prediction of the position of the magic
angles, whereas the BPM also gives a good quantitative prediction. Figure 3 shows
the excess loss, which reduces to values of less than 0.3 dB for intersection angles
greater than 30 degrees for both TE and TM polarization. As additional losses are
easily obtained, it is noted that the best excess loss values follow the predicted
curves within the estimated measurement accuracy of 0.2 dB.



86 C. van Dam et al.

«

1.5-*' T T T T T T

A—2a TE polarisation
5 -8 TM polarisation g
g 1.0 -
- L
2
- L
g L
L‘E 0.5 j -
0.0L. ]

5 10 15 20 25 30 35 40
Intersection angle [deg]

Figure 3. Excess loss of the crossings: lines denote two-dimensional BPM predictions.

Conclusion

Waveguide crossings with small intersection angles have been fabricated in a
InP-based ridge waveguide structure. Crosstalk values of less than —30 dB and
excess loss values of less than 0.3 dB have been measured for intersection angles
down to 30 degrees, for both TE and TM polarization. It is shown that the MSI
correctly predicts the magic angles, whereas a two-dimensional BPM gives a good
quantitative fit to the experimental results. Further improving the performance of
the semiconductor waveguide crossing will gain unportance with increasing com-
plexity of circuit designs.
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