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Abstract 

Ultrasonic transducers for NDE applications are 

commonly based on Lead Zirconate Titanate or PZT, an 

inorganic compound and ceramic perovskite material. 

Until now the advantages of PMN-PT are used in medical 

applications, but are not implemented in NDE. For 

applications with low signal amplitudes, high electronic 

noise and small transducer elements, the performance of 

ultrasonic probes can be significantly enhanced by using 

Lead Magnesium Niobate-Lead Titanate (PMN-PT) 

instead of PZT. This single-crystal material offers 

significantly better piezo parameters and leads to a higher 

sensitivity and larger bandwidth. There is a better depth 

resolution possible with this transducers as practical tests 

have shown. Similar to PZT it can also be fabricated in 

1-3 piezo-composite technology. In a cooperation

between Fraunhofer IKTS, iBULe Photonics, and IFU

Diagnostic Systems, PMN-PT ultrasonic transducers are

developed and optimized. The performance of phased

array probes and single element transducers was

measured by a so called PCUS® pro electronic front end

from Fraunhofer and compared with equivalent PZT-

based probes. As a result various single element and

phased array transducers with improved performances

are available for NDT of typical aerospace materials and

applications.

1. Introduction

Lead Magnesium Niobate-Lead Titanate (PMN-PT) is 

well known for its high sensitivity and broad frequency 

spectrum. While conventional PZT materials have an 

electromechanical coupling factor K33 (a measure of the 

conversion between electrical and acoustic energy) of 

about 0.72, PMN-PT materials reach peak values of more 

than 0.93. The technically important piezoelectric 

constants d33 and d31, which set the charge density 

produced to the acting stress in relationship, lie with 

PMN-PT (d33> 2200 pC/N, d31 = -1338 pC/N) signi-

ficantly higher than for PZT (typical: d33 = 374 pC/N, 

d31 = -171 pC/N). Therefore PMN-PT transducers are 

usually superior to conventional PZT transducers, 

especially in NDE applications where high ultrasonic 

damping or small aperture elements of phased arrays 

come into play. Until now the advantages of PMN-PT 

(see Figure 1, left picture) were mainly used in medical 

applications (see e.g. [1] for a recent example) but since 

a few years a number of PMN-PT based NDE transducers 

was manufactured and applied by Fraunhofer IKTS and 

iBULe Photonics. The present paper describes the actual 

state of NDE transducer development with respect to 

aerospace material applications. 

Figure 1: Comparison of the material properties of PZT (blue 

bars) and PMN-PT (red bars). 

2. Probe manufacturing

The process of PMN-PT 1-3 composite transducer 

development is briefly described in [4] and [5]. The 

effective acoustic impedance depends on the properties 

of the single components and their volume fraction. It can 
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be calculated with a microstructure simulation module 

based on a physical model developed by Smith and Auld 

in 1991[2]. For a typical effective acoustic impedance of 

about 12 MRayl the volume fraction of PMN-PT should 

be about 36 %, which leads to a pitch of 100 μm. 

 

2.1 Probe Geometries  

In the past various PMN-PT based single-element and 

multi-element phased array transducers for the frequency 

range between 3 and 15 MHz were manufactured [4 and 

5].  

 

Figure 2: Typical phased array probe with 16 element and 

0.8mm pitch  

 

The PMN-PT 1-3 composite was used to manufacture a 
phased array probe that is comparable to conventional 
PZT based phased array probes. The sensors are linear 
arrays with 16 elements and a pitch of 0.8 mm. Table 1 
gives a short overview of the properties for the PMN-PT 
based probe and for the PZT based probe. The linear 
elements were realized by dicing with a dicing saw for 
semiconductor materials. The width of the space between 
the elements equals the width of the dicing blade and is 
50 µm. The sensor consists of 18 elements, the inner 16 
elements are connected to coaxial cables and the two 
outer ones are inactive and used for the connection of the 
ground layer on the backside of the sensor. 

 

Table 1: Outline of phased array probes 

 PMN-PT probe PZT Probe 

Working frequency 5 MHz 5 MHz 

Nr. of elements 16 16 

Interelement 

spacing 
0.8 mm 0.8 mm 

Active width 12.75 mm 12.75 mm 

Active length 12 mm 12 mm 

 

The single element probe are PMN-PT based probe made 

of a 5 x 5 mm² quadratic piezo element was optimized for 

acryl glass as load material. Two matching layers were 

used to match the composites acoustic impedances to the 

impedance of acryl glass.  

 

Figure 3: PMN-PT single-element probe   

 

The PMN-PT 1-3 composite was also used to 

manufacture higher frequency probes, e.g. a linear 

phased array probe with 16 active elements, an inter-

element spacing of 0.4 mm and an active aperture width 

of 7.2 mm. 

 

Figure 4: Phased-array probes (15 MHz PMN-PT) 

 

3. Probe characterization and comparison 

The characterization and comparison to equal build PZT-
based ultrasound probes was performed on wedge 
material, like polystyrol, titanium and aluminum test 
bodies. 

3.1 Measurement Setup  

A measurement setup based on the commercially 
available PCUS®single and phased array hardware 
PCUS® pro array developed at the Fraunhofer IKTS was 
used in combination with the Fraunhofer IKTS lab 
software. The elements were excited with a negative 
rectangular pulse with an amplitude of 150 V and a pulse 
lengths of 50 ns. Coupling gel was used to couple the 
transducers to the test body. Three measurements were 
made to compare the performance of the PMN-PT phased 
array probe to a conventional PZT based probe.  

First the performance of the single elements on a 
polystyrol test block with a flat back wall in a distance of 
18 mm was evaluated. Therefore the elements are excited 
one after another. The excited longitudinal wave travels 
through the test body, is reflected at its back wall and 
travels back to the phased array probe. The received 
signals are analyzed and a Fast Fourier Transformation 
(FFT) was used to evaluate the frequency spectra of the 
signals. A rectangular time window of 2 µs with the 
signal in its center was used for the FFT. The pulse 
length, peak-to-peak amplitude and sensitivity, middle 
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frequency and -6 dB bandwidth were determined for each 
element and the variation of all elements calculated. 

Afterwards sector scans between -45° and +45° were 

made on the same polystyrol test body. The used gain 

was varied until the amplitude at 0° reaches 80 % screen 

height. The same measurement was then repeated by 

using focal laws for the excitation to achieve a focusing 

at 18 mm in polystyrol. 

 

  
Figure 5: Different test bodies; (left polystyrol, right 

titanium) 

 

Last, the defect detectability was evaluated with sector 

scan on a titanium test piece with three 0.5 mm holes in 

different depths (20 mm, 40 mm and 60 mm). The sector 

scan was realized by a variation of the incident angle 

between -45° and +45° with all 16 elements. For the 

excitation the same rectangular pulse (150 V, 50 ns) was 

used. The gain of the receiver was increased until the 

echo of the hole at 40 mm reached a screen height of 

80 %. 

 

3.2 Single Element probe characterisation results 

 

 
Figure 6: Received time signals from element 1 of PMN-

PT probe (full line) and PZT probe (dashed line). 

 

 

Figure 7: Frequency spectra of the received time signals 

from element 1 of PMN-PT probe (full line) and PZT 

probe (dashed line). 

3.3 Sector Scans on Titatium Test body 

The sector scan on a titanium test body confirms, that the 
sensitivity of the PMN-PT based probe is higher than the 
sensitivity of the PZT based probe. To detect the 0.5 mm 
hole in a depth of 40 mm with a screen height of 80 % 
the necessary gain of 37.9 dB (Fig. 5) is nearly 10 dB 
lower compared to 47.2 dB that were used for the 
conventional PZT based probe (Fig. 5). 

 

 

Figure 8: Sector scan -45° to +45° on titanium test piece 

with three 0.5 mm holes in 20 mm, 40 mm and 60 mm 

depth with PMN-PT based probe using a gain of 37.9 dB. 

 

 

Figure 9: Sector scan -45° to +45° on titanium test piece 

with PZT based probe using a gain of 47.2 dB. 

 

3.4 Pulse echo measurements on aluminum test body 

After the manufacturing process both transducers were 

characterized by various pulse-echo test set-ups using an 

excitation voltage of 150 V. The peak-to-peak amplitude 

of a pulse-echo back wall echo was 700 mV for the PMN-

PT and 2.5 mV for the PZT transducer from wedge. The 

measured bandwidths amount to 130% for the PMN-PT 

probe and 95% for the PZT probe.  Additionally pulse 

echo tests were performed on aluminum test body with 

the 15 MHz single element probes and compared with 

commercial 15 MHz probes based on PZT.  
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Figure 10: Pulse echo tests on aluminum body with 

0.5mm side drill hole (left: probe above hole; right: probe 

on aluminum) of 15 MHz single element probes  

 

The probe was exited with a 100V peak of 16ns by the 

mentioned PCUS®single electronic. The gain was 

adjusted for the echo of the back wall of 80% screen high 

in the area without hole. The same gain was used then 

also by moving the probe above the side drill hole. Both 

A-scans were saved and compared for PMN-PT and PZT 

probe. 

 
Figure 11: A-scan on aluminum test body with side drill 

hole (gain: 41 dB) of PMN-PT 15 MHz probe 

Also for the PZT based 15 MHz the back wall echo was 

adjusted to 80% screen high, but the needed gain for the 

receiver was more than 75 dB. 

 

 
Figure 12: A-scan on aluminum test body with side drill 

hole (gain: 75dB) of PZT 15 MHz probe 

 

It was found out, that the necessary gain for detecting the 

small hole in the aluminum body is not only much higher 

for the PZT based probe than for the PMN-PT probe 

(Figure 10 and 11). Also the resulting signal noise-ratio 

is much better for the PMN-PT probes. Therefor it’s 

pointed out, that the detecting of flaws is much more 

successfully with PMN-PT based probes than with PZT-

based one under real measurement conditions and worse 

materials or geometries. 

Similar to the single element probes an identically 

constructed PMN-PT-based phased array probe was 

made and a PZT-based was produced for comparison. In 

order to characterize the performance of both phased 

array probes a test setup based on the PCUS® pro Array 

electronics of Fraunhofer IKTS was used in combination 

with the corresponding software PCUS® pro Lab. The 

transducers were coupled to an acryl glass test sample 

with gel. A negative rectangular pulse with an amplitude 

of 150 V and a pulse length of 50 ns was used for 

excitation. Then the performance of the single elements 

of the probes was evaluated by exciting one element after 

the other. The received P wave signals of the back wall 

of the sample were analyzed with regard to pulse length, 

peak-to-peak amplitude and sensitivity, center frequency 

and bandwidth.  

 

Figure 13: PMN-PT based typical pulse-echo signals of 

the single elements 

As a result peak-to-peak amplitudes of 50 mV for the 

PMN-PT probes and 5 mV for the PZT transducers were 

obtained. The bandwidths were 88% for the PMN-PT and 

73% for the PZT based probe.  

 

4. Conclusion 

The single- and multi-channel probes for NDE based on 

PMN-PT single crystal 1-3 composite material were 

successfully manufactured with the same design rules 

and technologies as used for conventional PZT 

composite based probes. The PMN-PT probes show a 

significantly higher sensitivity compared to conventional 

PZT based probes on different test bodies, a very high 

bandwidth and a good uniformity. These results reveal 

that PMN-PT single crystal composites are a very 

promising material for the development of high sensitive 

and high bandwidth ultrasonic probes for NDE, either for 

conventional single-element transducers or for multi-

element phased array probes. Due to this much better 

results for PMN-PT based transducers they are also a big 

promising piezo-material in the aerospace NDT. The next 

generation PIN-PMT-PT (lead indium niobate-lead 
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magnesium niobate-lead titanate) material is particularly 

attractive to applications with high ambient temperature 

and high electric power. Doped with indium and 

sometimes with traces of manganese, PIN-PMN-PT has 

a higher transition temperature and a higher coercive 

field than PMN-PT. 
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