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Introduction

Modern day life relies on microelectronic devices and they are present in everything from a simple toaster to complex super-computers.  To be usable, these silicon chips must be protected both mechanically and electrically from the surrounding environment, as well as having external connections.  Packaging encases the silicon chip, catering for the above protection and connectivity requirements.  As well as the silicon, solder and electrical connections present in the overall package, the casing may be made from more than one material.  All these materials will have varying coefficients of thermal expansion (CTE) and so will expand and contract at different rates as the temperature varies.  This results in stress within the device and can lead to deformation and possibly failure.

A means of measuring and locating this deformation would allow the design or materials used to be altered, reducing the chance of device malfunction, a desire of the  manufacturers.  One process of doing this is called Digital Image Correlation (DIC) and has two parts; firstly the image capture and secondly processing the captured images. Two images of the same area are required, one at the ambient temperature and a second after a temperature variation.  The Fourier transform of the same region in both images is then compared and any movement will be shown in the transform according to the Shift Theorem.  It is then possible to work backwards and quantify the amount the material has moved.  The benefits of DIC are that it is a non-contacting system, due to its optical nature, and requires very little preparation of the sample.

To be able to compare the amount of shifting in one region to that in another, the properties of the regions must be the same.  When the regions occur within the same material the properties are very similar, however some materials have differing properties so direct comparison would not produce a correct solution.  Specifically it is the reflectivity of the material that has the greatest impact on the Fourier transforms and it is this that is related to its texture.  Although the variations can be small they are consequential in relation to the magnitude of the deformation.  Recognition of different types of surface and subsequent adjustment of the image signal is then necessary to allow shift comparison.

A prerequisite of reflectivity adjustment is knowledge of the area of each material within the image, so correction can be applied only to that area and not accidentally to another material.  This requires the use of object recognition, a procedure that identifies the separate areas in the image and then allows each area to be altered independently.

Aims & Objectives

The aims of this project are:

· To investigate the errors produced by the DIC technique with particular reference to reflectivity and texture variations.

· To use DIC with object recognition and reflectivity compensation in a practical situation to measure thermal deformation.

Due to the mathematical nature of this project, MATLAB is the package that shall be used for all the programming because of its large inbuilt database of maths functions. The objectives of this project are:

· To model the optical image capture system and so generate images representing a region of semiconductor, for example.

· To take a generated image and apply a Fourier shift transform that represents thermal deformation.  This creates two images, a primary image and the resulting image after thermal deformation.

· To compare the two images using DIC and output the displacement.

· Investigate reflectivity and texture variations and noise presence and incorporate into the DIC process.

· To include object recognition into DIC process to allow complete flexibility of input images.

Deliverables

The deliverables for this project are:

· Program that generates typical semiconductor images and applies a transform equivalent to a thermal deformation.  The two generated images are then processed using DIC and measurement of any displacement is output.

· Program that can accept different coefficients relating to reflectivity variation for specified areas and so output comparative displacement values.

· Program to recognise separate areas of the image and assign coefficients to them dependent on the reflectivity or texture and a create displacement map for a typical semiconductor cross-section.

· Complete program documentation.

Timeplan

The timeplan for this project is shown on the following page.

Appendix

Final Year Project 2002/2003 (no 3) : Digital image correlation for deformation measurement

Objective:
This project will investigate the performance of the digital image correlation technique, in the measurement of micro deformation occurred at composite object. In particular, the effects of surface texture and reflectivity will be studied.

Description:
Micro deformation measurement is an extremely important activity in many industries. For example, semiconductor devices are designed to operate in diverse environmental conditions, with temperature ranged from sub-zero to above 100oc. Deformation produced by the differential thermal expansion coefficients of the materials is a major source of device failure. Locating the stress centers inside the device is essential as part of the cycle in improving the packaging of devices. This project concerns a particular optical technique used for such a measurement.

Digital image correlation (DIC) consists of taking two pictures of the sample, before and after it is subjected to heat treatment. The two pictures are then compared, in a sub-image scale, by using 2D correlation technique, to yield a 2D deformation distribution. This technique is extremely sensitive, with measurement precision in the nanometer region

Due to the nature of sub-image correlation, the end result is a function of the shift of the object, as well as other object parameters such as surface texture and reflectivity. This project will model the affected by the DIC system, and investigate the effects of the object parameters on the measurement accuracy. Experimental measurements will be performed to verify the finding of the model.

Work tasks:
due to the research nature of the project, the list below should be used as rough guide only.

Revision of Fourier transformation, related theorems, and discrete FT

Study image formation theory of optical system

Model object deformation

Computer modelling of optical system

Generation images with appropriate input objects

Add noise to system model to analyses measurement precision

Carry out experiments
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