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One of the major problems during the laser drilling process in the electronic component industry has been identified as the cracking and failure of the ceramic substrates. The cracking and failure is due to large localized thermal stresses within the narrow heat-affected zone on the ceramics. An electronic speckle pattern interferometer (ESPI) system was designed and used to take speckle pattern images of the ceramic surface during the laser drilling process.  Two different laser intensities were used for drilling and the deformation of the ceramic was observed to be different in each of the case. Using commercial software, the speckle fringe images were image processed to quantify whole-field transient out-of-plane displacement measurements.  

1. INTRODUCTION
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   Laser machining has been used to heat treat, cut, weld, and drill electronic ceramics by the electronic manufacturing industries in particular [1 Because of the properties of ceramics, the large, focused heat flux rates which allow material melting and ablation, may also produce large localized thermal stresses within the narrow heat-affected zone, which can lead to micro-cracks, significant decreases in strength, and even catastrophic failure during the shaping process [2]. Monitoring the thermal stresses in ceramic specimens during the laser shaping process directly is a difficult task.  Measuring the transient deformation however, may be an alternative solution.  There are numerous methods for measuring deformation in general. Optical methods such as electronic speckle pattern interferometer (ESPI) have the advantages of being non-contact, having high temporal resolution, and with the inclusion of a microscopic lens, are able to visualize small areas of interest. 

2. PRINCIPLE OF FRINGE FORMATION
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   When two interfering electromagnetic waves (such as the reference and object beams in an interferometer), having some fixed-phase relationship relative to one another, are superimposed, the result is referred to as interference. If two speckle patterns are subtracted or added, fringe patterns will be observed.  Since the phase difference (((r) is a function of the displacement of the object surface, information about the relative displacement of different parts of the surface can be obtained from the position of the speckle fringes.  Brightness on the TV monitor that shows subtracted images of the speckle pattern is minimum when (((r) = 2n(, n = 0,1,2,3… as dark lines.  Phase difference, (((r) due to displacement d at any point on the object surface can be related to this path difference ( by:
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   This equation gives the relationship between the phase difference and the displacement vector d. For the optical system, the probed phase change due to displacement may be expressed by
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where z is the out-of-plane component of displacement vector d, (1 is the angle of the object beam to the surface normal (z-axis) and (2 is the angle of the observation direction to the surface normal (z-axis).   

3. EXPERIMENTAL SETUP AND PROCEDURE

   The specimens used were aluminum oxide (Al2O3) wafers and were chosen because of their importance to the electronic industry [source]. Each specimen was a thin circular wafer with a radius of 25 mm and a thickness of 0.5 mm.  A 1.5 kW (max power) CO2 laser (Coherent General) and a 60 W (max power) CO2 laser were used as the drilling beams and impinged perpendicularly upon the specimen. The procedure consisted of drilling the specimen with a CW beam for 200 milliseconds in case of higher intensity and for 4 seconds in the case of lower intensity laser, and capturing the speckle images using the designed MESPI system. The design can be divided into two parts: optical and electronic.  Optical components consisted of a laser, mirrors, long distance microscope, polarizer, spatial filters, and beam splitters.  The electronics consisted of a CCD camera, PCI interface board, and a PC.  A NEWPORT portable optical table, with vibration isolation legs, was used to house the system in order to provide a portable and vibration free environment. A He-Ne laser, with an approximate output power of 15 mW at a wavelength of 632 nm, was used as the light source. An[image: image5.png]Out-of-plane deformation, Az (Lm)
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 Infinity model K-2 long distance microscope was used to view the drilling area. A spatial filter, consisting of an iris, microscope objective and a pinhole, was used to clean the beam, creating a smooth and nearly ideal Gaussian intensity profile. The CCD camera offered a double-exposure feature that created two exposures on a single image.  A fringe skeleton method was used to separate and analyze the fringe patterns obtained directly from the double exposed image. This analysis was accomplished using Adobe Photoshop™ and the Fringe Processor™ developed by the Bremen Institute of Applied Beam Technology. 

4. RESULTS AND DISCUSSION

   Alumina wafers were subjected to CW CO2 laser irradiation. The incident laser energy melted/vaporized the ceramic leaving a drilled hole in the case of higher intensity laser and just caused localized melting and accumulation of material in the case of lower intensity laser drilling. The design was unable to get deformations near the center of drilling region because of the plume noise.  The fringes located outside the plume result from the deformation outside the hole.  Fringe analysis assumes a symmetric deformation circumferentially around the drilled hole.  Fringe images, however, showed a lack of true symmetry.  This lack of symmetry was due to the gas jet forcing the molten ceramic to flow creating an elliptical hole.  .  Using Eq. (2) the out-of-plane deformation was obtained for each image with respect to a radial distance from the center of the drilled hole. Figure 1 displays the deformation profiles as determined in this fashion for a laser power of 600 W (high) and Figure 2 depicts the same for 25 W (low) laser.  

5.  CONCLUSIONS

   The designed MESPI system is able to obtain visual qualitative fringe images of deformation directly using a double-exposure method. Different laser intensities caused different deformation profiles. This could be employed in the betterment of laser machining techniques. 
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Figure 1. Deformation Profile obtained using higher intensity laser

[image: image7.wmf](

)

d

·

=

d

r

λ

π

2

Δφ


Figure 2. Deformation Profile obtained using a lower intensity laser
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