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Abstract

Ultrasound microscopy is used in non-destructive testing, especially for the inspection of very small test items  

like  semiconductor  chips  and electrical  circuits.  For  testing layered  structures  with curved and  non-parallel  

interfaces by performing a single scan only, high frequency array technique is a smart solution.

This paper presents a functional model for signal excitation by a special circuit as well as preprocessing of the  

received signals. The unit emits rectangular pulse signals on four separate channels. Furthermore, to improve the  

noise reduction, four different receive circuits are tested consisting of amplifiers and different types of low pass  

filters processing the received echo signals.

Keywords: high frequency; high resolution; focusing and steering; arbitrary waveform; pulser for microscopy; 

annular array

Introduction

Scanning acoustic  microscopes  are  used  to  examine hidden structures  of  opaque  objects, 

especially to detect delaminations between two layers or inclusions inside these objects. In 

one hand, there are commercial microscopes utilising single element transducers with a centre 

frequency  up  to  240 MHz.  On  the  other  hand,  there  are  modern  ultrasound  imaging 

techniques [1,2] utilising annular arrays for electronic focussing and steering of the ultrasound 

beam to  gather  additional  information  out  of  the  reflected  sound  field  by analysing  the 

received  signal  of  each  element.  Recent  annular  arrays,  manufactured  from  composite 

materials,  offer  a  centre  frequency up to  20 MHz [3]  and  for  PVDF up to  45 MHz [4]. 

Actually, there is no commercial multichannel electronic hardware available, making a further 

development of the control electronics indispensable.

A first approach is the pulser and receiver unit presented by Gust [5] that offers time delayed, 

fixed short time pulses to excite up to  16 elements of an annular array.  Additionally,  the 

received signals  can  be  amplified.  Another  approach is  an  8  channel  arbitrary waveform 

generator for acoustic scanning microscopy developed by Assef [6]. However, this unit does 

not  offer  amplification  for  received  signals.  In  order  to  combine  the  advantages  of  both 

solutions, a 4 channel functional model of a new pulser and receiver unit is constructed in a 

modular way to easily extend the system to a higher number of channels. Furthermore, it is 

important to implement an effective tool for noise reduction that acts as anti-aliasing filter to 

minimise superposing effects at the analogue to digital conversion.

Functional Model

The current  functional  model  is  intended to  test  an alternative  way generating  excitation 

signals for ultrasound pulses. Therefore,  a special pulser circuit,  controlled by high speed 

digital inputs, is used. The pulser circuit has 4 independent channels. The functional model 

works with upcoming ultrasound transducers that offer a centre frequency up to 20 MHz. 

Furthermore,  the  circuit  should  provide  a  good  noise  rejection  and  electromagnetic 

compatibility.
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Ultrasound excitation

The existing solution by Gust [5] offers very short fixed time pulses to excite an ultrasound 

transducer.  To perform the  step  targeting  arbitrary signal  this  functional  model  offers  an 

excitation signal with rectangular shape generated by H-bridges included in the pulser circuit. 

They are regulated by a 4-bit  parallel  interface for each of  the four separate  channels to 

control the time width as well as the voltage level of the rectangular pulse. With this two 

options it is possible to match the signal for excitation pulses to the centre frequency of the 

used transducer to achieve an optimal excitation by using lower voltages.

Preprocessing of received echo signals

Generally, received signals need a minimum amplification for a qualitatively good analogue 

to digital conversion, because their amplitude is too small compared to the effective size of a 

quantisation step of common used converters. The best results are achieved when the biggest 

width of the voltage reference range is filled by the signal.

Therefore,  the  amplification  is  realised  in  two  steps.  At  first,  the  required  minimum 

amplification of the received signal is realised by a fixed gain amplifier. In a second step a 

variable gain amplifier, consisting of an electrical circuit that includes all necessary functional 

components, is implemented to match the output signal to the range of the analogue to digital 

converter. All channels include a high pass filter to remove DC-components of the received 

signal. Additionally, two channels have a low-pass filter that acts as an anti-aliasing filter for 

the high-frequency noise suppression.

The small  receive signal,  consisting of  the useful  signal  and the high-frequency noise,  is 

amplified at first.  Then, the amplified high-frequency noise, but as less as possible of the 

useful signal, is damped by the low-pass filter. Finally, the variable gain amplifier amplifies 

the useful signal with the remained but damped high-frequency noise, so that its negative 

influence on the conversion is reduced. 

During development of the amplifiers and filters, the named technical requirements have to be 

concerned. Special care has to be taken at the design of the filters. A certain distance between 

cut-off  frequency and centre frequency has to be implemented,  acting as a kind of safety 

buffer,  to  avoid  a  loss  of  the  useful  signal.  Figure 2 shows  the  frequency  response 

characteristics  of  the  three  different  amplifiers  identified  based  on  the  simulation  of  the 

electronic circuits.

Channel 1 (blue curve) consists of a fixed gain and variable gain amplifier and a high-pass  

filter between. This channel shows the lowest damping of all  presented. Channel 2 and 3 

additionally contain a low-pass filter. In case of channel 2 it is designed as a first order filter  

and in channel 3 as a Butterworth [7] low-pass filter  of third order.  They show different 

frequency response characteristics regarding the range above 20 MHz and channel 3 shows 

the highest  damping of  high frequency noise of  all.  Furthermore,  the  frequency response 

characteristic  demonstrates that the security-buffer gets  smaller with the rising order of the 

implemented filter.



The last of the offered four channels has an identical structural and functional construction 

like channel 1. It just differs by the usage of an other  variable gain amplifier, so that the 

results of channel 1 are the same as for channel 4.

Finally  it  can  be  assumed,  that  channel  3  will  offer  the  best  performance  regarding  the 

recommendation of noise rejection, because of its highest damping ratio at high frequency. 

Characterisation of the functional model

Testing method

The most critical part of the functional model is the transmission behaviour of the receiver. To 

examine the transfer behaviour the receiver is tested with a function generator instead of using 

ultrasound echos.

To analyse the transmit  behaviour  of  each channel,  the  signals  at  the  output  of  the filter 

(before the variable gain amplifier) are evaluated.

Test results

By the usage of a digital oscilloscope the transmitted sinusoidal signals are recorded and their 

frequency spectrum is deduced. Figure 2 compares the circuit simulation with the extracted 

frequency spectrum of the measurement for each of the three different types of filter  and 

amplifier combinations.

Each of the three types shows a significant peak at the frequency of 20 MHz in the simulation 

as well as in the measurement. This represents the useful signal that is applied by the signal 

generator. In the following range between 30 MHz and 200 MHz they differ to each other. 

Channel  1  and  channel  2  are  showing  a  similar  frequency  spectrum.  A  quantitative 

comparison  shows  that  the  low-pass  filter,  implemented  in  channel  2,  is  damping  the 

amplitude of higher frequencies with respect to channel 1.

Figure 1: Simulation of the frequency response characteristic of the three different types of amplifier and filter.



In comparison to the other  two channels,  the simulated frequency spectrum of channel  3 

shows more peaks with higher amplitudes. Hereby the measurement confirms the simulation. 

These peaks arise when the circuit  is  oscillating.  This is  caused by violating the stability 

criterion of active components. In this case the measurement of echo signals received by the 

transducer  becomes  impossible.  To  solve  this  problem  a  complete  redesign  of  the 

implemented  active  low-pass  filter  is  necessary.  A possible  solution  is  for  example  the 

replacement of the active filter by a passive one.

Finally, the measured frequency spectra of each channel are compared to each other to find an 

applicable solution for the further development (figure 3).

Figure  2: Comparison  of  the  result  of  the  circuit  simulation  and  the  extracted  frequency spectrum of  the  

measured signal for each of the three different types of filter and amplifier combinations. A sinusodial function  

of 250 mV and 20 MHz is applied as test signal.

Figure 3: Comparison of all measured frequency spectra.



The comparison shows that channel 3 presents the worst behaviour of the three different types 

in the functional model. With a mean damping of -62,9 dBu in the range from 30 MHz to 

200 MHz channel 3 has the highest noise level of all channels. The two remaining channels 

have a similar characteristic in their high frequency behaviour. To find a difference between 

them, the mean values of their high frequency damping are quantified in the range specified 

above. Hereby, channel 2 has the highest damping with -71,1 dBu with respect to channel 1 

with  -69,8 dBu.  Therefore,  the  design  of  channel  2  is  the  preferred  design  for  signal 

preprocessing in upcoming functional models and prototypes.

Conclusion

The presented functional model contains a pulser circuit that offers 4 independent channels to 

emit and receive ultrasound signals. On each of the four channels there is a different receiver 

consisting of a fixed gain and variable gain amplifier as well as different filters between.

The characterisation of the receiver shows that a first order low-pass filter, acting as an anti-

aliasing filter has improved the damping of high frequency noise compared to the channel 

without an applied low-pass filter. Contrary to the assumption, the third order filter has shown 

the worst result.

The functional model is a modular setup and can be simply extended to more channels. For 

further development of the ultrasound pulser and receiver, the implementation of a first order 

low-pass filter is advantageous with respect to the signal to noise ratio. For higher operating 

frequencies of transducers, a redesign of the filters is necessary.
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