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The use of Volume Holografic gratings (VHGs) as notch filters in 

Raman spectroscopy systems allows to access the low frequency 

spectral region  between 5 and 150 cm-1 traditionally achievable  only 

with high resolution cascade spectrometers 
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Volume holographic gratings (VHGs) are diffractive 
elements consisting of a periodic phase or absorption 
perturbation throughout the entire volume of the element. When 
a beam of incident light satisfies the Bragg phase matching 
condition it is diffracted by the periodic perturbation. VHG's 
have been investigated intensively and developed for data 
storage, optical information encryption, fiber optic 
communication and spectroscopy. They can be fabricated in 
various media such as photo-refractive crystals, polymers and 
photosensitive glasses.  

Figure 1. Bragg conditions for VHG's (1) and surface gratings (2). 

Compared to the surface diffraction gratings, the VHG 
possesses a much more stringent Bragg phase-matching 
condition [1]. Therefore, the linewidth of the VHG can be 
strongly narrower if compared with thin film surface gratings 

 

 

Figure 2. Comparison of VHG notch filter spectral response to conventional 
thin film edge filters. 

 

ONDAX Inc. patented application of VHGs for Raman 

Spectroscopy coupled with recent improvements in notch and 

ASE filters, enabled to produce exceptionally narrow 

bandwidth notch filters with very high throughput (Fig 2): 

extremely high attenuation of the Rayleigh line (>OD 4 for each 

filter), very high transmission of Raman signal. Such 

performances allow to collect reliable spectra from ~5cm-1 

(Fig.3a) and Stokes/Anti-Stokes branches in single spectrum 

(Fig.3b) 

 

 
 

Figure 3: a) Low frequency spectrum of L-Cystine b) Low frequency Raman 
spectrum of sulfur: Stokes anti-Stokes signals [2]. 

 

Many materials exhibit strong identifying ultra-low frequency 

Raman spectra [3] such as multilayer superlattice structures, 

polymorphic organic semiconductors, carbon nanotubes, 

strongly correlated systems. Consequently, application of 

Raman THz Spectroscopy can be found in:  

 

 Solid state physics 

 Explosives identification  

 Gemology, Cultural heritage conservation. 

 Active Pharmaceutical Ingredients (APIs) 

 Forensic Analysis 
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