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Exposure of silica glass to focused femtosecond radiation produces a variety of structural modifications [1], 

which are accompanied by a localized change in volume [2,3]. This volume change can be used to apply 
displacements in a controlled manner, allowing the generation of intense, localized stress fields [4], whose 
magnitude, orientation, and shape are easily manipulated through tuning of the writing parameters [4-6]. 

This concept of tailored stress fields provides a new toolset for device engineering, which when combined 
with the optical and mechanical properties of silica glass, allows for a versatile range of implementations. To 
illustrate this further, we have recently demonstrated waveplates based on stress-induced birefringence [7], 
which is shown in Fig. 1.  

 

      
Fig. 1 (left)	Illustration	of	the	waveplate	concept,	with	device	geometry	defined	by	trenches	(through-cuts)	etched	
into	the	substrate,	serving	as	stress-free	boundaries	to	confine	the	induced	stress	field	to	the	clear	aperture.	(right)	
Retardance	map	of	a	waveplate	fabricated	in	0.5	mm	thick	fused	silica,	with	a	maximum	retardance	of	54	nm	at	the	
center	of	the	clear	aperture.		

	
In this example (Fig. 1. Left), the device geometry is defined by a series of trenches (here referred to as 

‘through cuts’), which are fabricated using a femtosecond laser-assisted wet etch process [8], and also serve as 
an additional control parameter in device design: confinement. Stress-induced birefringence is then generated by 
writing a series of adjacent planes of laser-modified material at either end of the clear aperture (labeled as the 
‘stressor bar’). This simple arrangement places the material within the clear aperture under a quasi-uniaxial load, 
generating significant optical retardance (~54 nm at λ = 546 nm for a 0.5 mm thick substrate, Fig. 1 right) 

While this example serves as a simple demonstration, the larger question of full design methodology still 
remains largely unanswered: How do we optimize such a device to provide a desired stress field based on a few 
input parameters? In this work, we will address these concerns, borrowing optimization ideas from such fields as 
adaptive optics, to provide a more complete picture of optical device engineering based on confined, laser-
induced stress fields.  
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