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Experimental characterization of the reflectance of 60° waveguide
bends in photonic crystal waveguides
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Photonic crystal waveguides with two 60° bends were fabricated in an InGaAsP/InP suspended
membrane geometry. The transmission spectrum was measured and the reflectance of the 60° bend
was evaluated from Fabry—Perot oscillations using Fourier analysis. It is shown that the reflectance
agrees well with the results of a finite element method simulation.
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Planar photonic crystal waveguideCWGQ technology a single bend for the/a value, 0.3. Figure @) shows the
has the potential to be a fundamental building block for fu-simulated transmission, where the gray-dashed line is the
ture optical integrated circuits. Some of this potential arisegransmission spectrum of the straight waveguide, and the
from the ability to form small turning radius waveguide black-solid line is the transmission spectrum of the bent
bends and wide angh branche$™leading to the possibility ~waveguide. This model is a 2D calculation using an effective
of dense device integration. There have been many experindex for the waveguide mode. Selected points on these
mental demonstrations of two-dimension@D) PCWGs curves were checked with a three-dimensional simulation,
and, recently, low loss PCWGs have been repo&-ﬁéﬂ[here however. An external source was used in the finite element
have also been a few demonstrations published to date @glculation, and the reduction of the theoretical transmission
PCWG bends:* However, ultralow loss junctions have only at longer wavelengths in this figure is due to the decreasing
recently been reportétin this letter, we report on a tech- coupling efficiency between the source and the waveguide
nique to determine the reflection at photonic crystal junctiongiear the waveguide band edge.
and demonstrate high transmittance of a single-defect line
doubly bent waveguide structure formed in a suspended twO gz
dimensional photonic crystal membrane. .

The doubly bent waveguides were fabricated in anj}
InP/InGaAsP membrane. The waveguides were formed by &
single-line defect in a 2D triangular lattice photonic crystal. |
The InGaAsP membrane in the finished devices was 240 nn
thick. A range of path lengths between the waveguide bends
Lgens Was fabricated as shown in Fig. 1. Open areas were
defined outside of the PCWG cladding in these devices in
order to facilitate the formation of suspended membranes|
Lgeng Was along thd™-K direction and its value varied be-
tween 21.42um (50 period$, 31.92um (75 period$, and
42.42 um (100 periods for this work. The details of fabri-
cation process have been discussed in our previous Work|
The devices reported here have a lattice constantof
420 nm and hole radius to lattice constant rati®, around
0.3. The waveguides had ten periods of photonic crystal
cladding on each side of waveguide core.

Since the reflectance of the bend is not zero within the
measured wavelength region, we expect that the optical inf
tensity transmitted through the waveguides will exhibit | 4
Fabry—Perot oscillations as a function of the frequency with g
a period that depends inversely on the length of the section
between the waveguide bends. By looking for oscillations in
the transmitted intensity with the expected period, we can
extract information about the properties of the waveguide’ss

bends. L)
A 2D finite element methdd was used to calculate the =%

transmission of the straight waveguide and a waveguide with

FIG. 1. (a) Scanning electron micrograph showing parts of three doubly

bent PCWGs with the different waveguide lengths between the bénpds.

dElectronic mail: minhsius@usc.edu magnified view of a 60° waveguide bend.
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FIG. 2. (@) The calculated transmission spectra of a single-line defect g, i
PCWG (dashed linegsand a single-bent PCW@olid ling). (b) The com- © |
parison of the measured spectrdtack line and simulated spectrufigray =
line) of the doubly bent waveguides.
1480 1500 1520 1540
The experimental transmission spectra were measured Wavelength (nm )
using a tunable laser. The objective lens used to launch the 503 -
signal into the waveguides had a numerical aperture of 0.55. s
A spatial filter was used at the output to exclude light that did 8 -
not pass through the PCWG. The output intensity was col- § )
lected by a cooled InGaAs detector. The comparison of the 5
measured and simulated spectra for the doubly bent wave- % 0.1
guide is shown in the Fig.(B). The gray line is the simulated 5
transmission spectrum of the doubly bent structure with an é
0.0

r/a value of 0.30 and the black line is the measured trans- 00 1520 1540
mission of the doubly bent structure with afa value that is Wavelength (nm )

slightly larger than 0.30. The measured data exhibits good o ,
agreement with the theory. FIG. 3. The measured transmission spectrum of the doubly bent waveguide

o . . . .. with bending section length dfa) 42.42um and (b) 21.21um. (c) The
We observed oscillations in the transmitted IntenSItYtransmission spectrum @& after numerically filtering the oscillations due

spectra of these waveguides that have a period that varis reflection of facets and the tunable lagel. The reflectance of the 60°

inversely with the length of the waveguide section betweerphotonic crystal bend extracted from the transmission spectru).in

the bends, as expected. Figurgg)3and 3b) are the two

measured s_pectra_from two of the c_ioubly bent photonic “YShe data in Fig. &). Since the bending section lengths.q

tal waveguides with bending section lengths of 4242 . °n
o . . are small, we expect the reflectariRéo be nearly insensitive

and 21.21um. By filtering out the high-frequency contribu- . :

. . ; to the propagation losgyg of the waveguides. The error bars

tions, which are due to longer sections of these bent wave-

guide structures and the oscillation of the tunable laser, W%rljg.raagldg)erepg?seg;[otgzg;/aa&ar:lor}gie reillzﬁzlfdlﬁotr?]
dB ’

can pick up the peak-to-valley rati, of the oscillations to 20 dB/mm. A wavelength region of low reflectance is

due to the resonance formed between the waveguide bendg, .. o4 around the wavelength 1520 nm. This is also obvi-
Figure 3c) shows one of measured spectra at this stage. The

reflectance R, of the photonic crystal bend was extracted Gus from the S”?a" amplitude oscillations in FigcB T_he .
) ) measured and simulated reflectances are compared in Fig. 4.
using the following formul&

Figure 4a) shows the measured reflectance of the 60° bend
VK-1

-
o

) — — as a function of wavelength. The three lines are féa

R= K1 1 e, (1) values of 0.305(star point, 0.31 (triangular pointy and
0.32 (square points respectively, and Fig.(8) shows the
where a4 is the propagation loss of the waveguide. Figuresimulated reflectance of the 60° photonic crystal bend. This

3(d) shows the reflectand® of the 60° bend extracted from curve is calculated from the model transmission spectrum
Downloaded 20 Jun 2005 to 139.91.254.18. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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@) transmitted power is small because of the large impedance
mismatch between the input beam and guided wave. It is
therefore not reliable to extract reflectance information in
this low intensity region. The region of comparison in Figs.
4(a) and 4b) is then the shorter-wavelength region between
1520 nm and 1545 nm. The smallest measured reflectance is
slightly larger than that predicted by our model, and we at-
tribute this difference to fabrication imperfections in our
measured waveguides.

In summary, we have observed 95% transmittance
through the doubly bent single-line defect photonic crystal
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Measured Reflectance (a.u.)

0.0 : ; - . .
1520 1530 1540 1550 suspended membrane waveguides over a bandwidth of
Wavelength ( nm) 15 nm. The reflectance of the 60° bend were extracted both
from measured and simulated spectra. We obtained good
0.8 .
() agreement between the measured spectra and the finite ele-

ment method numerical model.
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