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Abstract 

In this paper, we experimentally demonstrate the application of a holey structured metamaterial lens 
for deep sub-wavelength resolution of delamination in a layered sample in the ultrasonic regime. 
Optimized holey-structured metamaterial lens is used to amplify the decaying evanescent wave field, 
which carries the details of sub-wavelength features. We experimentally demonstrate the deep sub-
wavelength (λ/25) resolution of delamination in a layered aluminium sample, which to the best of our 
knowledge this is the highest resolution achieved in the ultrasonic regime. 

Keywords: Diffraction limit, deep sub-wavelength imaging, Evanescent waves and Holey-structured 

metamaterial lens. 

1. Introduction 

In Non-invasive or Non-destructive testing, accurate characterization of defects is required to provide 

quantitative information on the integrity of the structures being inspected [1]. The main drawback 

with ultrasonic inspection is that detection and characterization of smaller defects is difficult because 

of the low velocity of sound and hence higher wavelength in the materials. Increasingly, the 

characterisation of small defects (in the low millimetre to micro meter range) is essential for example, 

in aerospace and other industrial applications [2].  

Recently the authors have experimentally demonstrated a subwavelength resolution of (λ/5) first time 

in the ultrasonic regime [3] and deep subwavelength ultrasonic imaging of (λ/25) with optimized 

holey structured metamaterial lenses [4]. Here we present a technique to characterize a deep 

subwavelength delamination in layered materials by using optimized holey-structured metamaterials 

[4]. We report the resolution of an artificially created deep subwavelength (λ/25) delamination in a 

two-layered metallic (aluminium) sample.  

This paper is organised as follows. We begin with an introduction to metamaterials and their 

applications in the field of non-destructive testing. Then we present the problem studied and the 

detailed explanation of experimental demonstration of deep subwavelength resolution. Then we 

present the results and discussion and conclude with directions for future work.   
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2. Background  

Metamaterials are artificial periodic structures with exotic material properties that may not observed 

in regular materials [5]. These fascinating properties such as beam focusing, negative refractive index, 

wave filtering etc., allow various applications such as super resolution, sound absorption and cloaking 

[6-10].   

Metamaterials overcome the resolution limit by amplifying the high frequencies and evanescent 

waves. Holey structured metamaterials work on the principle of Fabry-Perot resonances inside the 

holes. When scattered waves from the features or defects propagate through the holes Fabry-Perot 

resonances take places, enhancing higher frequency and evanescent wave components. With this 

concept holey-structured meta-lens transfers both the propagating and evanescent wave field from 

input to output surfaces and hence subwavelength information carried by the evanescent waves helps 

to create the image with high resolution [3, 11]. 

2.1 Problem studied 

We consider a two-layered aluminium sample having an artificially created delamination of length 1 

mm as shown in Figure 1. The delamination in the layered sample is considered as the defect for 

imaging.  The length of the delamination (1 mm) is about λ/25 at the central frequency of 244 kHz. 

This object is imaged by ultrasonic immersion in the through-transmission mode to resolve the 

subwavelength dimensions with the help of an optimized holey-structured metamaterial lens [4]. The 

subwavelength delamination was created in the layered sample by placing a plastic strip of size 1 mm 

(which is about λ/25 at a central frequency of 244 kHz for the longitudinal wave mode in the 

aluminium medium) in between the two layers of the aluminium laminates as shown in Figure 1(a).   
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Figure 1: Illustration of layered aluminium sample with the details of subwavelength delamination presented in 
it (dimensions are in mm). (a). Front view and (b). Cut section view. 

3. Experimental Methodologies 

The experimental setup is based on ultrasonic immersion C-scan technique [12] using through 

transmission mode as shown in Figure 2. An immersion transducer of central frequency 180 kHz 

(Panamatrics V318, GE measurement & Control) is used for excitation at a frequency of 244 kHz. 

The excitation is performed using a 3cycle Hanning windowed tone burst signal provided by a RITEC 

RPR4000 Pulser-Receiver (Ritec Inc., USA). The two-layered aluminium sample with delamination is 

placed in the immersion tank in front of the transducer.  

 

Figure 2. Schematic of the experimental setup.  

The optimized holey-structured metamaterial is placed immediately in front of the sample so 

that the scattered waves from the delamination propagate through it. The so transmitted wave fields 

are collected by using a Polytech Laser Doppler Vibrometer or LDV (Polytec GmbH, Germany) 

which measures out-of-plane displacements. The output from the LDV controller is fed to a computer 

for storage. A thin retro reflective tape is attached to the surface of the metalens at the spot 

illuminated by the laser point so as to enhance the optical backscattering from the laser beam. The 

head of the Laser vibrometer was attached to a 3-D scanner through a National Instruments PCI 7330 

(NI Inc., USA) motion controller to receive the signals at regular intervals of 0.1 mm to complete a 

line scan.  

 



15th Asia Pacific Conference for Non-Destructive Testing (APCNDT2017), Singapore. 

 [ID275]  4 

4. Results and Discussion 

After completion of the line scan the normalized maximum amplitude variation across the 

measurement positions are plotted. The line scan was obtained without and with metamaterial lens 

and the comparison was shown in Figure 3. We can identify that the subwavelength delamination 

presented in laminated aluminium sample with the holey structured metamaterial lens.  In the scan 

obtained without metamaterial the subwavelength delamination was not characterised.  

 

Figure 3. Experimental results showing the maximum amplitude variation across the measurement positions 
(line scan) without and with metamaterial lens.  The dashed box indicates the position of subwavelength 

delamination in the layered sample which is clearly resolved with metamaterial lens. 

5. Conclusion 

This demonstrates that the holey-structured metamaterial has resolved the subwavelength 

(λ/25) sized delamination in the layered aluminium sample. The proposed technique can useful to 

detect and characterize the subwavelength sized defects like delaminations, disbonding, cracks and 

holes in the industrial components.  
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