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Abstract 
The paper presents the results of NDT analyses of Si and CdTe monocrystals by non-linear electro-
ultrasonic spectroscopy. The intermodulation voltage is linear function of applied AC electric excitation 
for constant ultrasonic one. Similar dependence we have observed for constant amplitude of AC electrical 
signal for variable ultrasonic excitation. The main advantage of this method is based on the detection of 
electrical signal with frequency different from frequencies of excitation signals. We suppose that 
intermodulation signal is a result of ultrasonic phonons impact on electron mobility. Relative change of 
resistance is of the order 10-5 for ultrasonic excitation corresponding to the voltage 1V on ultrasonic 
transducer. Proposed method is characterized by low influence of ultrasonic wave reflection and 
interference on measured signal due to that the ultrasonic and electrical signals have different physical 
origin. 
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1. Introduction 
 

We present results measured on Si and CdTe monocrystals by electro-ultrasonic 
spectroscopy. The electro-ultrasonic spectroscopy is non-destructive testing method of 
conducting solids. This method is based on interaction of two signals: (i) the electric AC 
signal varying with frequency fE and (ii) the ultrasonic signal varying with frequency fU. 
The ultrasonic signal changes the contact area between the conducting grains in the 
measured sample structure. The resistance is modulated by the frequency of ultrasonic 
excitation. The resultant voltage measured on the sample depends on the AC current 
flowing throw the sample structure and on the resistance change which is inducing by 
the ultrasonic actuator. The resistance change is various on frequency fU which 
corresponds to the frequency of ultrasonic actuator. Resultant voltage measured on the 
sample is given by 

tRtIu UMEMm ωω sinsin Δ⋅=     ( 1 ) 
 

where  - electric current amplitude, MI Eω , Uω  – angular frequency of electric and 

ultrasonic excitation respectively, MRΔ – angular frequency of electric and ultrasonic 
excitation respectively. 
Defects and un-homogeneities are the sources of intermodulation signal on frequency fm 
which is given by the superposition (equation 2) or subtraction (equation 3) of exciting 
frequencies. 

 UEm fff +=      ( 2 ) 

 UEm fff −=      ( 3 ) 
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The high sensitivity of this method is based on the detection of electrical signal with 
frequency different from frequencies of excitation signals. 

 
 

2. Electro-Ultrasonic Measurement Setup 
 
The block scheme of the electro-ultrasonic measurement setup is shown in Fig. 1. It 
consists of two parts, the electric and the ultrasonic one. 
 

 
Figure 1. Electro-ultrasonic measurement setup with AC electric signal  

 
The ultrasonic part consists of generator Agilent 33220A. The power amplifier consists 
of WPD 100 in which it is necessary to have power linear actuating harmonic signal on 
ultrasonic transducer. The measured sample was fixed on the power piezoceramic 
transmitter (HTP04) which is used for ultrasonic signal generation. Electric part consists 
of generator Tesla BM492 which has convenient linearity and frequency stability. 
Signal from the generator is transformed on higher voltage from transformer Tr. This 
signal is led to the measured sample over the protective resistor. Harmonic signals of 
frequencies higher than the differential frequency component fm = fU - fE are trimmed by 
the low pass passive filter. The passive filter has limited frequency 4200 Hz with 
inhibition 50 dB per decade. The amplifier (AM 22) has the adjustable input gain in the 
range from -20 to 50 dB by 10 dB step, the frequency band filter with lower frequency 
30 mHz, 300 mHz, 0.3 Hz, 3 Hz, 30 Hz, 300 Hz, 3 kHz, 30 kHz and 300 kHz, the high 
frequency filter adjustable in range 3 Hz, 30 Hz, 300 Hz, 3 kHz, 30 kHz and 300 kHz, 
and adjustable output gain in range from 0 to 50 dB by 10 dB. All parameters are 
programmed over GPIB or on the front panel of the amplifier. The amplified signal is 
led to the A/D converter. As the A/D converter is used digital oscilloscope Agilent 
54624A with sampling rate 200 Msa / s. The digitized signal is stored in the computer 
and signal spectral density frequency dependence is evaluated using discrete FFT. The 
control software was written in Borland C++ Builder and this version is based on 
Windows operating system. Amplifier AM22 and exciter HTP04 were produced by 3S 
Sedlak Company. Power amplifier WPD100 was designed by Prof. Karel Hajek. 
 
3.  Experimental 
 
We have measured two samples of monocrystals. Our measurements were performed on 
low frequency range (by equation 3). Samples were fixed to the ultrasonic actuator by 
beeswax and connected to the AC voltage. First of all we have measured for constant 



amplitudes of electric and ultrasonic excitation and for constant frequency of electric 
signal. Spectral density of intermodulation signal dependence on frequency of ultrasonic 
actuator for the constant frequency of electric signal fE = 33.8 kHz is shown in Fig. 2. 
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Figure 2. SU of intermodulation signal vs. frequency of ultrasonic excitation for 

the frequency of electric signal fE = 33.8 kHz 

 
 
The noise background is of the order of 10-15 V2Hz-1.We can see that the highest 
intermodulation signal is for frequency fm = 2 kHz.  This frequency corresponds to the 
ultrasonic excitation on frequency 31.8 kHz. So our measurements were performed for 
ultrasonic signal on frequency fU = 31.8 kHz for both samples. 

 
We can calculated the voltage Um from spectral density by this equation 

 fSU Um Δ⋅=      ( 4 ) 

Where – the value of the signal spectral density on frequency fm, US fΔ – the distance 
between two successive lines in the noise spectra 
 
 

 
4. Experimental Results 
 
We have measured the spectral density of intermodulation signal on frequency fm. The 
peak value of intermodulation signal is dependence on AC current flowing throw the 
structure and on the resistance change except defects and un-homogeneities. So we have 
measured the spectral density of intermodulation signal on frequency fm for different 
amplitudes of electric signal and for different amplitudes of ultrasonic excitation. Our 
measurements were performed for ultrasonic signal of frequency fU = 31.8 kHz and for 
electric signal of frequency fE = 33.8 kHz. In this case the intermodulation frequency is 
fm = 2 kHz.  
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Figure 3. Voltage Um  vs. amplitude of ultrasonic 
excitation for UE = 0.5 V. CdTe monocrystal 

Figure 4. Voltage Um  vs. amplitude of ultrasonic 
excitation for UE = 10 V. Si monocrystal 

 
 
The voltage Um of the intermodulation signal measured on frequency fm for different 
amplitudes of ultrasonic excitation is shown in Fig. 3 for CdTe monocrystal and 
in Fig. 4 for Si monocrystal. The sample of silicon was connected to AC voltage of 
amplitude UE = 10 V and the sample of Cadmium Telluride was measured for constant 
AC electric signal UE = 0.5 V. 
We can see that the voltage Um of intermodulation signal increases linearly with the 
ultrasonic excitation for both samples.  
The voltage Um of the intermodulation signal measured on frequency fm for different 
amplitudes of electric signal is shown in Fig. 5 for Si monocrystal and in Fig. 6 for 
CdTe monocrystal.  
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Figure 5. Voltage Um vs. amplitude of electric signal 
for UU = 10 V. Si monocrystal 

 

Figure 6. Voltage Um vs. amplitude of electric signal 
for UU = 1 V. CdTe monocrystal 

 

 
 
 
 
 
 
 
 



 
We can compare both samples if we plot the dependence of voltage Um for different 
amplitudes of AC current, how is shown in Fig. 7.  
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Figure 7. Voltage Um vs. amplitude of AC current for monocrystal Si and CdTe 

 
 
We can calculate the resistance change ΔR as: 

 DCm IUR /=Δ     ( 5 ) 
Then we can find the relative resistance change as: 

 xRR /Δ     ( 6 ) 
where  – is the sample resistance xR
 
If we applied the ultrasonic excitation 10 V and AC current 3.55 mA on the sample of 
monocrystal Si then we calculated that the relative resistance change is of the order of 
10-8. For monocrystal CdTe we have calculated the relative resistance change is of the 
order of 10-6 when we applied the ultrasonic excitation 1V and AC current 0.69 μA. The 
value of the relative resistance change defines the sample quality [1, 2, 3]. 
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Figure 8. The relative resistance change for monocrystal Si and CdTe 

 



 
5. Conclusion 
 
We have measured the sample of  Si monocrystal and the sample of CdTe monocrystal 
by electro-ultrasonic spectroscopy. The frequency of ultrasonic signal was fU = 31.8 
kHz and the frequency of electric signal was fE = 33.8 kHz. We measured the 
intermodulation voltage fm on the frequency fE – fU. The resultant voltage measured on 
the sample depends on the AC current flowing throw the sample structure and on the 
resistance change which is inducing by the ultrasonic actuator. The resistance change is 
varying of frequency which corresponds with frequency of ultrasonic actuator. 
 
-The intermodulation voltage increases linearly with ultrasonic excitation and electric 
signal for both samples. 
 
-We have calculated that the relative resistance change is of the order of 10-8 for 
monocrystal Si and 10-6 for monocrystal CdTe. 
 
The value of the relative resistance change can be used as identifier of the sample 
quality. 
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