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Abstract: We report on the experimental demonstration and analysis of a 

new waveguide principle using subwavelength gratings. Unlike other 

periodic waveguides such as line-defects in a 2D photonic crystal lattice, a 

subwavelength grating waveguide confines the light as a conventional 

index-guided structure and does not exhibit optically resonant behaviour. 

Subwavelength grating waveguides in silicon-on-insulator are fabricated 

with a single etch step and allow for flexible control of the effective 

refractive index of the waveguide core simply by lithographic patterning. 

Experimental measurements indicate a propagation loss as low as 2.1 

dB/cm for subwavelength grating waveguides with negligible polarization 

and wavelength dependent loss, which compares favourably to conventional 

microphotonic silicon waveguides. The measured group index is nearly 

constant ng ~1.5 over a wavelength range exceeding the telecom C-band. 

©2010 Optical Society of America 

OCIS codes: (130.3120) Integrated optics devices; (050.1950) Diffraction gratings; (050.6624) 

Subwavelength structures. 
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1. Introduction 

Light can be confined in a dielectric waveguide by index-guiding or by exciting defect states 

in a periodic lattice. A conventional planar waveguide confines the light in a core, which has a 

higher refractive index than the surrounding cladding material. However, the high refractive 

index contrast of silicon waveguides results in large scattering at the core-cladding boundary 

imperfections [1]. High refractive index contrast ridge waveguides minimize this effect with a 
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larger core size at the expense of an increased bending radius [2]. For channel waveguides, 

scattering efficiency can be reduced by using waveguides with a core area that is small 

enough to delocalize the waveguide mode, such that the field intensity at the core-cladding 

boundary is diminished [3] or by making use of an inherent interference effect of the scattered 

radiation [4,5]. Large dependence of propagation loss on waveguide geometry [6], 

wavelength and polarization [7] has been reported for silicon wire waveguides. Such dramatic 

changes of loss in silicon wire waveguides are a significant obstacle in building practical 

microphotonic circuits. Low loss of 1 dB/cm [8] to 1.7 dB/cm [9] has been achieved for 

transverse electric (TE) polarization. However, square core cross-sections are intentionally 

avoided to reduce the vertical sidewall height, resulting in optimal TE performance at typical 

waveguides dimensions of 500 nm × 200 nm. The penalty for this optimized waveguide TE 

performance is that a confined transverse magnetic (TM) mode may no longer be supported 

by the waveguide (depending on the cladding material used) [5]. Since sidewall imperfections 

originate from the etching process, propagation loss can be reduced by using an etchless 

process based on selective oxidation [10], although such waveguides support only TE 

polarization and insertion loss is significant. 

Periodic photonic lattices have also been investigated for waveguiding, but the efforts 

have almost exclusively focused on photonic crystals with d ~λ/(2neff) that have a band gap at 

the operational frequency range. In such structures, a waveguide is created by introducing a 

line-defect in the periodic lattice that creates defect states localized within the lattice’s 

photonic band gap. Waveguides made of periodic dielectric rods have been theoretically 

considered [11], including first implementations in the fast light regime [12,13]. Typical line 

defect photonic crystal waveguides have propagation losses ranging from 8 dB/cm to 4.1 

dB/cm [14–16]. However, these waveguides exhibit wavelength and polarization dependent 

losses. 

In this paper, a new waveguide principle based on the formation of a subwavelength 

grating (SWG) in a waveguide core is proposed and demonstrated experimentally. In contrast 

to waveguides based on line-defects in 2D photonic crystal lattices, the light is confined in a 

SWG waveguide core covered with a cladding material of a lower refractive index, as in 

conventional index-guided structures. The core is a composite medium formed by periodically 

interlacing silicon segments with a material of a lower refractive index at the subwavelength 

scale. 

Several types of segmented waveguides have been previously studied numerically [17,18] 

and also experimentally [19,20]. The latter have been proposed as long-period-grating tapers 

with a segmentation pitch of Λ >> λ/(2neff), where λ is the wavelength in vacuum and neff is 

effective index, for mode size transformation in low-index-contrast waveguides such as those 

made in a silica-on-silicon material platform. However, application of such structures in high-

index-contrast waveguides is hindered by the reflection and the diffraction losses incurred at 

the boundaries of the different segments. 

The long-period segmented waveguides do not support a (theoretically) lossless mode and 

the light coupling to radiation modes limits applications of such structures to short 

propagation lengths and small refractive index discontinuities. Our subwavelength grating 

waveguide is unique in that the structure supports a true lossless mode. By modifying the 

pitch, width and duty cycle of the subwavelength grating, the effective index of the medium 

can be engineered locally. This technique provides a means to tailor the effective index, mode 

profile and dispersion of the subwavelength grating waveguide. In our study, we used silicon 

segments with SU-8 cladding material; however any materials can be interlaced for specific 

applications. For example, athermal waveguides [21,22] can be designed by interlacing 

materials with opposite polarity thermo-optic coefficients, while waveguide modulators or 

lasers may be implemented by making or interlacing waveguide core segments with a 

nonlinear optical material. This freedom in waveguide design suggests that subwavelength 

grating waveguides can be used in a broad range of applications. 
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2. Subwavelength grating principle and simulation 

Subwavelength gratings can be used to create artificial media engineered at a microscopic 

scale to achieve a desired macroscopic behaviour. For the silicon-on-insulator (SOI) material 

platform, a subwavelength grating can be created by the combination of single crystal silicon 

with silica (SiO2) or other low index materials such as SU-8 polymer. These periodic 

structures frustrate diffraction and behave like a homogeneous medium (metamaterial) 

provided the periodicity does not satisfy a Bragg condition for coupling to other confined or 

radiative modes [23,24]. 

Subwavelength gratings have been extensively used for antireflective coatings on bulk 

optical surfaces [25]. Originally implemented as planar mirrors [26], subwavelength gratings 

have been used as efficient fibre-chip couplers [27], off-plane fibre couplers [28,29], 

antireflective gradient index structures and interference mirrors [30,31]. Subwavelength 

gratings were originally proposed as silicon waveguide cores [27] and as a composite 

waveguide cladding [32]. Recently, subwavelength gratings have been experimentally 

demonstrated as efficient crossings [33] and adiabatic mode transformers and fibre-chip 

couplers [34]. 

 

Fig. 1. Schematic of a) a SWG waveguide and b) an equivalent strip waveguide. An effective 

material refractive index neff of the equivalent wire waveguide is determined by spatial 

averaging of refractive indexes of the waveguide core (Si) and the cladding (SiO2, SU-8, air, 

etc.) materials at a subwavelength scale. The resulting effective index can be controlled by 

lithography (changing grating duty ratio a/Λ, width w, etc.). 

In a subwavelength grating waveguide with a core consisting of a periodic arrangement of 

silicon and silica segments, light excites a Bloch mode, which can propagate through the 

segmented waveguide theoretically without losses caused by diffraction into radiative or 

cladding modes.  A schematic of a SWG waveguide is shown in Fig. 1(a), including an 

equivalent wire waveguide with an engineered core refractive index [Fig. 1(b)]. 
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In our nominal SWG waveguide, the grating period, duty cycle and segment dimensions 

are chosen to avoid the formation of standing waves due to Bragg scattering and the opening 

of a band gap near λ = 1550 nm wavelength. According to this criteria and using finite-

difference time-domain and MIT photonic bands (frequency domain) calculations, the 

following structural parameters were chosen: grating pitch Λ = 300 nm, segment width w = 

300 nm and segment length a = 150 nm. Note that the grating pitch is less than a half of the 

effective wavelength of the waveguide mode λeff = λ/2neff. For these parameters, the mode 

delocalization from the core yields a reduced field intensity at the core-cladding boundary, 

thereby reducing scattering loss by the sidewall imperfections. The mode delocalization is 

also evident in Fig. 2, showing an increased effective mode size for the SWG waveguide 

compared to a conventional wire waveguide of the same width. The chosen grating 

parameters minimize wavelength resonances due to diffraction effects, as it is evident in the 

calculated dispersion diagram (Fig. 3). Notice that the subwavelength grating waveguide at λ 

= 1550 nm is far outside the photonic bandgap region. 

It is know that waveguide scattering loss is determined by the amplitude of the current 

source (the defect volume element interacting with the local electric field [35]) as well as the 

cumulative (interference) effect of the spatial distribution of the scattering sources. A 

subwavelength grating waveguide effectively minimizes the source amplitude by delocalizing 

the mode, thereby decreasing electric field interaction with the volume defect. Furthermore, 

the gaps in-between the high-index segments shorten the mode interaction length with the 

sidewalls. 

Three-dimensional (3D) finite-difference time-domain (FDTD) simulation is used to 

estimate the mode profile of a SWG waveguide and how it compares to the mode profile of a 

wire waveguide. All simulations are done on a layout size of x × y × z = 3 × 3.26 × 10 �m
3
 

having a mesh resolution of �x × �y × �z = 10 × 10 × 10 nm
3
. Material refractive indices 

used are nSi = 3.476 for the waveguide core, nSiO2 = 1.444 for the waveguide lower cladding 

(bottom oxide, BOX), and nSiO2 = 1.444 or nSU8 = 1.577 for the waveguide upper cladding, as 

either SiO2 or SU-8 upper cladding is used in simulations. The simulation time step is 1.67 × 

10
−17

 s according to the Courant criterion �t ≤ 1/(c(1/(�x)
2
 + 1/(�y)

2
 + 1/(�z)

2
)

½
), where c is 

the speed of light in vacuum. The simulated structure consists of a 10 �m long SWG straight 

waveguide with Λ = 300 nm, w = 300 nm and a = 150 nm. The Si wire (width 300 nm) 

waveguide mode is used to excite the SWG waveguide Bloch mode at λ = 1550 nm for TE 

polarization. The mode profile of the SWG is recorded at the center (x-y plane) of every 4th 

grating segment. To estimate the steady-state mode profile of the SWG waveguide (in the 

center of a grating segment), the overlap integral of each recorded mode profile is calculated 

with the mode profile 4 grating segments back. Steady-state behaviour is assumed when this 

mode overlap integral is constant and approaches unity as shown in Fig. 2(a). 

We estimate the overlap of the mode in the 300 nm wide SWG waveguide with a 

delocalized mode of a conventional wire waveguide with a width as small as 160 nm. 

Specifically, the overlap between these two modes is up to 90%, as it is shown in Fig. 2(b). It 

is also useful to consider the confinement factor Г, i.e. the fraction of the modal intensity 

confined within the waveguide core. Using the SWG mode profile, the overlap integral with a 

wire waveguide of varying widths (160 nm – 300 nm) was calculated to assess the SWG 

mode confinement [Fig. 2(b)]. For a Si-wire width of 160 nm the confinement factor is Г < 

5%, whereas for a wire width of 300 nm, Г = 48%. Figure 2(b) shows that the SWG mode 

profile (w = 300 nm, SiO2 upper cladding) has only a 56% overlap with a 300 nm wide wire 

waveguide. However, the same SWG waveguide mode has a ~90% overlap with a mode of 

160 nm wide wire waveguide indicating the SWG mode is significantly delocalized, i.e. 

comparably delocalized to a mode of the 160 nm wide wire waveguide, and indeed is less 

confined that the mode in a 300 nm wide Si-wire. 
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Fig. 2. a) Calculated mode overlap integral as a function of mode profile position (z-

coordinate). b) Overlap integral of the steady-state SWG mode profile with a wire waveguide 

of varying widths (160 nm – 300 nm). c) Mode profile of a wire waveguide (w = 300 nm, SiO2 

upper cladding). d) Mode profile of a SWG waveguide (w = 300 nm, SiO2 upper cladding) at 

the center of a Si segment (x-y plane). e) Field propagating along the subwavelength grating, 

excited by the wire waveguide mode at λ = 1550 nm, for quasi-TE polarization. 

Mode profiles for a 300 nm wide wire waveguide and SWG waveguide are shown in  

Figs. 2(c) and 2(d) respectively, while the propagating field along the grating is shown in  

Fig. 2(e), for a SWG waveguide with SiO2 upper cladding. Using the approximation of mode 

size from earlier work in long-period waveguide gratings [36], the refractive index contrast of 

a periodic waveguide �neff is equivalent to an effective refractive index contrast of a uniform 

waveguide by �neff ~η�nuniform, where η is the duty cycle (50% in our nominal design). 

Assuming silicon segments and silica upper cladding, �neff = η�nuniform ~1 resulting in a 300 

nm wide waveguide with nclad = 1.444 and ncore = 2.46. Alternatively, when SU-8 is used as 

the upper cladding, nclad = 1.577 and ncore = 2.52. In either case, such an effective uniform 

waveguide has a 96% overlap with the steady-state SWG mode profile, indicating good 

#129953 - $15.00 USD Received 10 Jun 2010; revised 6 Aug 2010; accepted 10 Aug 2010; published 8 Sep 2010

(C) 2010 OSA 13 September 2010 / Vol. 18, No. 19 / OPTICS EXPRESS 20256



agreement with the approximation above. These results also suggest that because the mode is 

delocalized from the core, the scattering loss due to sidewall fabrication imperfections is 

reduced in SWG waveguides. 

The SWG waveguide mode was also calculated using the MIT photonic bands (MPB) 

frequency-domain software [37], yielding good agreement with the FDTD simulations above. 

Furthermore, the group index of the nominal SWG waveguide was calculated using MPB 

with a layout size of x × y × z = 2 × 2 × 0.3 �m
3
 having a mesh resolution of �x × �y × �z = 

20 × 20 × 20 nm
3
. The SU-8 upper cladding was chosen, as in our fabricated structures (see 

Section 3). In Fig. 3 the dispersion relation for the TE and TM modes of the SWG waveguide 

is shown, which exhibits the expected behaviour for a periodic waveguide, namely a 

flattening of the dispersion with increasing wavenumber β as the Bragg condition is 

approached. Due to the subwavelength nature of the grating, the operating frequency is well 

below this flat dispersion region, as shown in the Fig. 3. The group velocity of the 

propagating Bloch mode is given by the slope of the dispersion curve. The group index ng of 

the TE and TM modes of the SWG waveguide is shown in the inset of Fig. 3 as a function of 

wavelength. The group index varies in the range 2.2 – 2.0 for the TE and 2.0 – 1.8 for the TM 

modes over the wavelength range of λ = 1480 nm – 1580 nm. The calculated group index is 

close to the calculated effective index of the waveguide mode, confirming the absence of 

slow-light or resonant effects of the grating on the light propagation. 

 

Fig. 3. a) Calculated dispersion diagram of a SWG waveguide consisting of 150 nm long Si 

segments separated by 150 nm long gaps filled with SU-8 polymer (nSU-8 = 1.577). Lower 

cladding is silicon dioxide (nSiO2 = 1.444) and upper cladding is SU-8. Inset shows the group 

index of the TE and TM modes for a wavelength range of λ = 1480 nm – 1580 nm. 

3. Design and fabrication 

Subwavelength grating straight waveguides are fabricated with a length of 0.61 cm (equal to 

the chip length) as shown in Fig. 4(a). To estimate propagation loss, test structures are also 

fabricated with SWG straight waveguide sections of 0.5 cm, 1.5 cm and 3.0 cm in length  

[Fig. 4(b)]. In these test structures, silicon wire waveguides (450 × 260 nm
2
) are coupled to 

SWG straight waveguides using the 50 µm long adiabatic transformer shown in Fig. 5(c). The 

subsequent SWG section is 0.5 cm long with a constant pitch (Λ = 300 nm), width (w = 300 

nm) and duty cycle (50%). SWG waveguides with 400 nm pitch were also included. An 
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identical adiabatic transformer section is used for the transition back to a wire waveguide. 

Wire waveguide U-bends of radius 20 µm are used in the test structure to fit multiple 0.5 cm 

long SWG straight waveguides on the chip, as indicated in Fig. 4(b), which shows an example 

of three 0.5 cm straight SWG sections. Test structures having varying SWG straight 

waveguide lengths all have identical wire lengths, number of bends, adiabatic transformers 

and fibre-chip couplers. Therefore the cumulative loss due to these elements is identical for 

each test structure, and will not affect the SWG loss measurement. 

To estimate the group index of a SWG straight waveguide a Mach-Zehnder interferometer 

(MZI) is fabricated, where the reference arm is comprised of a wire waveguide (450 × 260 

nm
2
), while the signal arm is comprised of a 50 µm SWG taper followed by a SWG (Λ = 300 

nm, w = 300 nm, duty cycle 50%) with length L = 1000 µm, and an identical SWG taper to 

transition back to wire waveguide [Fig. 4(c) and Fig. 5(d)]. The MZI uses a 50:50 y-splitter 

implemented with two 150-µm-long and 25-µm-wide s-bends. 

 

Fig. 4. a) Schematic of the test structure implemented for measuring the spectral response of a 

SWG straight waveguide with a length of 0.61 cm (equal to the chip length). b) Schematic of 

the test structure implemented for measuring propagation loss of a SWG straight waveguide. 

Wire waveguides (450 × 260 nm2) are transformed to the SWG straight waveguide using a 50 

µm long taper with bridging segments, followed by a 0.5 cm long SWG with a constant pitch 

(Λ = 300 nm), width (w = 300 nm) and duty cycle (50%). An identical taper is used for the 

transition back to a wire waveguide and a 180° wire waveguide bend (radius of 20 µm) is used 

in the test structure to fit multiple 0.5 cm long SWG straight waveguides on the chip. The 

specific schematic shown in (b) has three SWG sections with a total length of 1.5 cm. c) 

Schematic of the Mach-Zehnder interferometer (MZI) which was used to estimate the group 

index of a SWG straight waveguide. Mach-Zehnder interferometer reference arm is a wire 

waveguide (450 × 260 nm2), while the signal arm is comprised of a 50 µm SWG taper 

followed by a SWG waveguide (Λ = 300 nm and 400 nm, w = 300 nm, duty cycle 50%, length 

L = 1000 µm) and a SWG taper to transition back to wire waveguide. 

Structures were fabricated using commercially available SOI substrates with a 0.26 µm 

thick silicon layer and 2 µm thick buried oxide (BOX). Electron beam lithography was used 

to define the waveguide layout in high contrast hydrogen silsesquioxane resist, which formed 

SiO2 upon electron beam exposure. We used inductively coupled plasma reactive ion etching 

(ICP-RIE) to transfer the waveguide pattern onto the silicon layer. Samples were coated with 
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a 2 µm thick polymer (SU-8, n ~1.577 at λ = 1.55 µm), then cleaved into separate chips and 

facets polished. 

Figure 5 shows scanning electron microscope (SEM) images of fabricated structures 

including a SWG straight waveguide [Fig. 5(a)], detail of the grating segments [Fig. 5(b)], the 

first 15 µm of the 50 µm long SWG taper [Fig. 5(c)] and an optical microscope image of a 

MZI with SEM image detail of the signal arm (SWG straight waveguide) and reference arm 

(wire waveguide). From the SEM images it was determined that a fabrication bias of 50 nm 

was present. Therefore the actual dimensions of the SWG are Λ = 300 nm and w = 250 nm 

with a duty cycle of 33%. Actual wire waveguide width is 400 nm. 

 

Fig. 5. Scanning electron microscope (SEM) images of fabricated structures including: a) SWG 

straight waveguide with Λ = 300 nm, w = 250 nm and a duty cycle of 33%. b) Detail of two 

SWG segments. c) The first 13 µm of the 50 µm long SWG taper. d) Optical microscope image 

of a MZI (LSWG = 100 �m) with SEM image detail of the SWG arm and the reference arm (wire 

waveguide). Interferometric measurements (Fig. 7) were done with a MZI with a 1000 µm 

long SWG waveguide. 

4. Experimental results 

A tuneable external cavity semiconductor laser was used to measure the straight SWG 

waveguide transmission spectra over a wavelength range λ = 1480 nm – 1580 nm [Fig. 6(a)]. 

To measure the propagation loss, a broadband (3 dB bandwidth of λ = 1530 nm - 1560 nm) 

amplified spontaneous emission (ASE) source is used. To couple the light into the chip, a 

lensed fibre resulting in a Gaussian beam waist of ~2 µm (at the chip facet) is used with a 

SWG fibre-chip coupler [34]. Light is coupled out of the chip using another SWG coupler and 

subsequently focused by a microscope objective lens onto an InGaAs photodetector. 
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Propagation loss is estimated by measuring the transmitted power through the loss test 

structures of Fig. 4(b), with multiple repeats of SWG straight waveguides of lengths 0.5 cm, 

1.5 cm and 3.0 cm. Loss is determined from the slope of a linear fit of transmitted power vs. 

SWG waveguide length. The transmission spectrum of the SWG straight waveguide is 

normalized to these measurements. Figure 6(a) shows the measured wavelength dependent 

propagation loss, while Fig. 6(b) indicates the measured loss using the ASE source. For our 

best SWG waveguides, the propagation loss is 2.1 dB/cm for TE polarization, whereas typical 

SWG waveguide loss measured on different test structures is 2.6 dB/cm. The PDL is less than 

0.5 dB for the wavelength range shown. It is remarkable that such low loss is achieved for 

light propagating over a 1 cm distance through more than 33,000 boundaries between high- 

and low-refractive-index segments having an index contrast of �n ~1.9. While this finding is 

consistent with Bloch mode theory, we also believe that this low loss is a direct consequence 

of the mode delocalization from the composite core with a corresponding decrease in light 

scattering at fabrication sidewalls imperfections, as found with the FDTD simulation mode 

profiles. 

To confirm the loss measurements obtained with the ASE source, we repeated the same 

measurements on the loss test structures using the tuneable external cavity semiconductor 

laser. The loss values obtained using the single wavelength source fluctuated randomly from 

one wavelength to another, due to Fabry-Pérot cavity effects arising from the different 

elements of the test structure (wires, bends, taper and couplers). However, the propagation 

loss estimate of < 3.0 dB/cm in the C-band (λ = 1530 −1560 nm) is consistent with the typical 

wavelength averaged value of 2.6 dB/cm obtained using the ASE source. 

The efficiency of the adiabatic transformer is approximately 0.5 dB [33]. Low overall 

transmission of loss test structures is the result of a rather complex layout [Fig. 4(b)], namely 

multiple wire-to-SWG mode transformers, Si wire waveguide segments, fibre-to-chip and 

chip-to-lens coupling interfaces, multiple U-bends, comparatively low input power level of 

our ASE source and the SWG waveguide loss itself. This layout was chosen to make certain 

that each test structure with different SWG waveguide length is continued with an identical 

wire waveguide length and contains the same number of bends and SWG couplers, since 

changing those parameters for SWG waveguides of different lengths could be misinterpreted 

as SWG loss, as we discussed in Section 3. 

 

Fig. 6. a) Transmission spectra of a 0.61 cm long SWG straight waveguide measured for TE 

(blue) and TM (red) polarizations. b) Loss for meander test structures [Fig. 4(b)] with 0.5 

cm, 1.5 cm and 3.0 cm long SWG waveguides of Λ = 400 nm, measured using an ASE 

broadband source. c) SWG waveguide transmission spectra (TE polarization). 
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The group index of a SWG straight waveguide is measured interferometrically for a 

wavelength range of λ = 1480 nm – 1580 nm using a tuneable external cavity semiconductor 

laser. Group index is calculated using ng
SWG

 = λminλmax/[2L(λmin - λmax)] + ng
wire

, where λmin and 

λmax are the wavelengths at the minimum and maximum intensities of the interference fringes, 

L = 1000 µm is the length of the SWG straight waveguide and ng
wire

 is the group index of the 

reference wire waveguide [38]. Reference wire waveguide group index is estimated using a 

mode solver (Optiwave Corp.) to calculate the effective index of a 400 × 260 nm
2
 waveguide 

with silicon core and SU-8 cladding on a silica substrate for λ = 1480 nm – 1580 nm. The 

wire waveguide group index is found to be nearly constant across the wavelength range 

considered, with values of ng
TE

 ~4.1 and ng
TM

 ~4.2. Figure 7 shows the MZI spectral 

transmittance for λ = 1550 nm – 1560 nm for TE and TM polarizations. Based on these 

measurements the calculated group index of a SWG waveguide is presented in Fig. 8 and is 

compared to the theoretically calculated (MPB [37]) group index for a periodic waveguide 

with the dimensions as measured by SEM, i.e. 33% duty cycle. Note that simulation results 

shown in Fig. 3 inset were obtained for our nominal SWG waveguide design with 50% duty 

cycle. The agreement between experiment and theory is excellent (Fig. 8), indicating a low 

and almost constant group index of ng ~1.5 over the measured wavelength range. Nearly 

constant group index also indicates that SWG waveguides are potentially useful for high bit-

rate processing as well as nonlinear optics applications. 

 

Fig. 7. MZI spectral transmittance. MZI with a Si wire waveguide reference arm and a 1000 

µm long SWG waveguide signal arm, for TE (blue) and TM (red) polarizations. 
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Fig. 8. The calculated and measured group index for a SWG waveguide. The group index of 

the reference wire waveguide for TE (blue circle) and TM (red circle) polarizations is 

estimated with a mode solver (Optiwave Corp.) by calculating the effective index of a 400 × 

260 nm2 waveguide with silicon core, SU-8 upper cladding and SiO2 bottom cladding. The 

calculated group indexes for both the SWG waveguide and a photonic wire channel waveguide 

are shown for comparison. 

5. Conclusion 

We report on the theory and the experimental demonstration of a new waveguide principle 

based on subwavelength gratings. Measured propagation loss for our subwavelength grating 

waveguides is as low as 2.1 dB/cm and PDL is negligible, which compares favorably with 

other microphotonic waveguides. A theoretical analysis confirms that for comparable 

roughness, a SWG wire waveguide can be designed with a lower loss than conventional 

photonic wire waveguides, as the mode is delocalized and the interaction length  with the 

sidewalls is reduced. If both polarizations are considered, the average loss for TE and TM of 

our SWG waveguide is one of the lowest yet reported for microphotonic waveguides. 

Measured group index of the SWG waveguide is in good agreement with the calculated 

values. An important advantage of SWG waveguides is that they allow for flexible control of 

the optical properties of the composite waveguide core, including its refractive index, mode 

size, thermal properties, and dispersion by combining the constituent materials at a 

subwavelength scale, simply by lithographic patterning. These results suggest that SWG 

waveguides can be important building blocks in future photonic devices. 

#129953 - $15.00 USD Received 10 Jun 2010; revised 6 Aug 2010; accepted 10 Aug 2010; published 8 Sep 2010

(C) 2010 OSA 13 September 2010 / Vol. 18, No. 19 / OPTICS EXPRESS 20262


