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BSW at the truncation interface of 1DPC



Lecture 2
Experimental techniques for the detection

of SPP and BSW



a-Si1-xNx :H  based 1D Photonic Crystal

BSW

Kretschmann

TE

Glass

H t=240nm n=2.23 @ =1530nm

L t=294nm n=1.75 @ =1530nm

10 periods



Kretschman Reflectance Map
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Comment on line-width and coupling efficiency - SPP

Coupling is controlled by the 
thickness of the gold layer

=800nm
next=1.33

Contact  oil

Metal  Film
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Comment on line-width and coupling efficiency - BSW

1DPC

Substrate

PMA,  Kretschmann

i

Coupling is controlled by the number 
of periods of the 1DPC

=800nm
next=1.33

1DPC - Glass / (HL)N / water
H (Ta2O5) nH=1.99 tH=170 nm
L (SiO2) nL=1.48 tL=495 nm



Comment on line-width and coupling efficiency - BSW
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a-Si1-xNx :H based 1D and 2D PC SNOM Investigations



Band Diagram

Glass

H t=240nm n=2.23 @ =1530nm

L t=294nm n=1.75 @ =1530nm

10 periods

a-Si1-xNx :H based 1D and 2D PC SNOM Investigations



TM TE

Multi-heterodyne SNOM Investigations

~=1550nm

Optics Express 16, 5453 (2008)



TM TE

Multi-heterodyne SNOM Investigations

The observed decay length (~470 m) 
is consistent with the observed line 
width of the far field measurements

=1550nm

Optics Express 16, 5453 (2008)



TM TE

Multi-heterodyne SNOM Investigations

The observed decay length (~470 m) 
is consistent with the observed line 
width of the far field measurements

Vertical Confinement

Field enhancement 
up to 100 times the 
prism/air interface

=1550nm

Optics Express 16, 5453 (2008)



Coupling of BSW is associated to a near-field intensity 
enhancement at the multilayer top surface

BSW (TE pol.) NO BSW (TM pol.)

=1550nm

Opt. Express 16, 5453 (2008)

Multi-heterodyne SNOM Investigations



Direct writing of a 
diffraction grating on top 
of the last silicon nitride 
layer was not possible 

at the time

Glass

GlassGlassGlass

Spin coating of a DR1-PMMA(60%) 
thin polymer layer
Writing of a holographyc surface 
grating on top of the polymer layer

In order to open a gap at the 
period must be such that:

)(
BSWp

eff
BSW sinn4)(22

E.Descrovi, Politecnico di 
Torino

Holographic lithography in hybrid polymer-silicon nitride 2D PC for SEW 
dispersion engineering and application in biophotonics 
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PMMA vs Speed for different concentrations in 1,1,2 Trichloroethane

Si1-xNx :H / Polimer 2D PC - Grating fabrication



Glass

Si1-xNx :H / Polimer 2D PC - Grating fabrication

Without 
PMMA

With 
PMMA



h

TRANS CIS

Tpol=TAMB

Induction of axial 
order in the film

Drift of the 
polymer off the 
bright regions

a-Si1-xNx :H / Polimer 2D PC - Grating fabrication

488.0 nm



Francesco - Trasparenza sulla fabbricazione dei reticoli di 
diffrazione in Disperse Red 1 mediante olografia cis- trans

AFM

= 634 nm

h=118nm

Glass

= 488.0 nm

I   = 60 mW/cm2

t = 90 min

Lloyd mirror 
configuration

a-Si1-xNx :H / Polimer 2D PC - Grating fabrication



Glass

Optics Letters 
33, 243 (2008)

a-Si1-xNx :H / Polymer 2D PC - Dispersion and gap opening



Multi-heterodyne SNOM Investigations



a-Si1-xNx :H / Polimer 1+2D PC Hexagonal grating fabrication

0

0

1

0

Periodic 2D gratings can be 
fabricated by several successive 

holographic lithographic steps 
Still preliminary results 



Structuring the 1DPC top surface: a thin ridge for waveguiding

Very thin layers can shift the BSW resonance in such a way that 
they are completely separated

This is possible because of the narrowness of dips

BSW dispersion 
shift after spinning 

a 110 nm thick 
photoresist layer

neff 0.1



If the thin layer is patterned, BSW can be selectively coupled in 
space/wavelength and guided

Polymeric ridge (n=1.625 NIR)
Thickness: 110 nm
Width: 3.5 m

Structuring the 1DPC top surface: a thin ridge for waveguiding

Pictorial view of the 
fundamental GBSW mode



Band Diagram

Glass

H t=240nm n=2.23 @ =1530nm

L t=294nm n=1.75 @ =1530nm

10 periods

Structuring the 1DPC top surface: a thin ridge for waveguiding



BSW outside (pol. TE)

Structuring the 1DPC top surface: a thin ridge for waveguiding

Re{E(x,y)} (x,y)

No BSW (pol. TM)

Guided BSW (pol. TE)

SNOM imaging of guided BSW

Nano Lett. 10, 2087  (2010)



A computational analysis of modes sustained by the structure suggests that the 
fundamental guided BSW mode has been imaged

t=110 nm

w=3.5 m

t=110 nm

w=600 nm

t=20 nm

w=3.5 m

t=20 nm

w=600 nm

Structuring the 1DPC top surface: a thin ridge for waveguiding

Nano Lett. 10, 2087  (2010)



A 30 nm polymer ridge in enough thick to confine the BSW

Structuring the 1DPC top surface: an ultra-thin ridge for waveguiding

Nano Lett. 10, 2087  (2010)



Glass

H t=240nm n=2.23 @ =1530nm

L t=294nm n=1.75 @ =1530nm

10 periods

Structuring the 1DPC top surface: a thin ridge for waveguiding



Structuring the 1DPC top surface: a thin ridge for waveguiding

J. Opt. Soc. Am B 27, 1617  (2010)



Higher order order modes can be excited ..

At fixed angle, a wavelength 
tuning can allow the selective 
coupling of different modes

Structuring the 1DPC top surface: a thin ridge for waveguiding

J. Opt. Soc. Am B 27, 1617  (2010)



Structuring the 1DPC top surface: a thin ridge for waveguiding



Structuring the 1DPC top surface: a thin ridge for waveguiding

Mode 0

J. Opt. Soc. Am B 27, 1617  (2010)



Structuring the 1DPC top surface: a thin ridge for waveguiding

Mode 1

J. Opt. Soc. Am B 27, 1617  (2010)



Mode 2

Structuring the 1DPC top surface: a thin ridge for waveguiding

J. Opt. Soc. Am B 27, 1617  (2010)



Higher order modes dispersion diagram

Different degrees of 
confinement have a 

counterpart within the 
dispersion diagram

Structuring the 1DPC top surface: a thin ridge for waveguiding

J. Opt. Soc. Am B 27, 1617  (2010)



When a tilt is introduced between the coupling direction and the ridge, 
BSW might not be guided: refraction/reflection take place

Refraction rules in accordance to BSW dispersion
Appl. Phys. Lett. 96, 151101  (2010)

Structuring the 1DPC top surface: a thin ridge for waveguiding



Summary of general properties of Bloch surface waves

20nm

The degrees of freedom permitted by the 1DPC design (materials and
geometry) allow to obtain propagation of BSW in any spectral range

The absence of losses in dielectrics gives rise to very narrow resonances
and possibly long propagation distances

The absence of metals makes that quenching is absent in fluorescence
applications

Strip loading permit to obtain transverse confinement and guided BSW

Any type of surface integrated optical device can be in principle designed
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