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Abstract 
The idea of this paper is to develop a method for determination thermal diffusivity, linear expansion coefficient and thickness of a 
semiconductor sample from photoacoustic phase measurement by using neural network. The neural network has been trained on 
a large basis of photoacoustic phases obtained from a theoretical Si n-type model in the range of 20Hz to 20kHz. The advantages 
of using a phase neural network with high accuracy and precision in prediction depending on the number of epochs are presented, 
as well as analyzes of the application of random Gaussian noise to the network in order to better predict the experimental 
photoacoustic signal. An analysis of a theoretical photoacoustic model with a phase neural network is demonstrated. 
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By increasing the percentage of noise, the 
network trains for a shorter time (reduces  
the number of epochs), which leads to  
faster termination of training. 

Experimental signals for three silicon 
samples with a radius of RS=4mm and a 
thickness of 830µm, 417µm and 128µm 
were measured with an open 
photoacoustic cell. 

The networks had 72 neurons in the input layer, the 
number of neurons in the hidden layer was 50, and the 
number of output neurons was the same, 3, and 
represents the semiconductor parameters DT, αT and l. 

The base of training and test 
of neural networks consists 
of 5491 phases of 
photoacoustic signals, from 
which 110 were extracted 
for the I test. 
The same database was 
used to form neural 
networks with a certain % 
of noise, where random 
Gaussian noise with a 
different level (1-5)% was 
placed on each phase. 

Test I: The network with the lowest noise level (0) has the lowest error and that the errors tend to increase with the increase of the noise level. 

Test II is a test on phases randomly selected from the range of the parameter. The network without added noise has the largest error on the 
phases of samples of small thicknesses. By adding noise (1%) thin sample errors are reduced to the optimal level for this test and then (>1%) 
tend to increase. 

Test on experimental stages of photoacoustic signals. Prediction errors on samples with thicknesses of 830 and 417 mm are <1% and are independent of the level of 
added noise 
The phase network without added noise shows a large error (15-30)% of the parameter prediction. By adding noise, the prediction error drops to optimal (<2.5%) 
for networks (3.4)% noise. Conclusion 

This analysis shows that plasma thick samples can be characterized by a phasic neural network. For plasma thin samples, phase network prediction errors are large and 
can be improved by adding Gaussian noise. The networks are trained faster and the prediction errors show that the optimal noise is (3.4)% corresponding to the 
uncertainty of the experimental phase measurement 
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For the analysis of 
parameter 
determination from 
phases, we trained 
phase neural 
networks on a large 
database obtained 
from theoretical 
model for a silicon 
sample in the 
expected range of 
parameter changes: 
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