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A. Problem Studied 

Laser induced electrical conductivity in polyimide was studied near the critical point. As 

the system has been described by percolation theory, characterization in terms of percolation 

threshold and critical exponents was sought. 

B. Results 

An in situ measurement technique was developed which allowed us to measure 

conduction during laser processing. A typical result is shown in Fig.l, where electrical 

conductivity is shown as a function of the number of laser pulses and the volume fraction of 

transformed material. The curve fits shown are for a power law of the form: 

which is from the percolation theory [1] where p is the conducting volume fraction of the 

conductor insulator mixture andpc is the critical volume fraction where the conductivity first 

appeared. Theory predicts that t ~ 1.9±0.1 [1] and the exponent found here was 2.00+0.05 

further confirming the percolation description of the phenomenon and perhaps making an 

experimentally precise confirmation of the percolation theory itself. 

Also noted in the same study was the tendency for carbon fibers to form on the surface 

of samples when the applied voltage was high. These fibers would form in the first hundred 

laser pulses and had substantial electrical conductivities. 

Number of Laser Shots 
30  350  500  680   900  118 1580 

Fig. 1. Conductivity as a function of the conducting volume fraction p and number of laser pulses. Curve fits 
correspond to power laws in percolation theory and agree exactly with theoretical predictions 



Also of interest was the obervation of nonlinear I-V characteristics for samples near the 

threshold. The relation of this observation to the percolation theory is a subject of continuing 

interest. 
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