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Abstract-Recently, near-field imaging has been quality control in array production. In the following, 
studied in microwaves, optics, and acoustics. In we will demonstrate experimentally the efficacy of 
this paper, we study the near-field imaging of wave the methods developed. 
sources and thus the structure of transducers in high 11. EXPERIMENT METHOD 
resolution. In addition, we report the near-field 
imaging of array transducers that were driven with Fig. 1 is the block diagram of the experiment. 

alternating phases on adjacent elements. This pro- One-and-a-half cycle short pulses (produced by the 

dnces high contrast images of the array structures, Polynomial Waveform Synthesizer, Model DATA 

Results suggest that these methods may be use- 2045) were amplified (with an EN1 rf power am- 

ful for transducer manufacturers, designers, and re- plifier, Model 240L) to drive the transducers. At 

searchers. a constant distance from the surface of the trans- 

I. INTRODUCTION ducers, a 0.5 mm diameter hydrophone was used to 
scan the transducer surfaces in a raster format (C- 

Near-field imaging is a technique that Probes Scan), Signals received were digitized and stored 
the local Of an Object using in a MC68000 computer for further processing. Be- 
carried waves before cause most of transducers work in the half wave- 
Near-field imaging can achieve spatial resolution that length resonance mode, fist and second half cy- 
is higher than the limit in cles of the vibration are related closely to me strut- 
regularimaging. the s~atialresolution tures of the front and the back surfaces of the trans- 
of the near-field imaging is limited only by the size respectively, Therefore, we have rectified 
of tip (probe) that interacts with the object to be and averaged the first and the second half cycles of 
imaged Near-fie1d imaging was the pressure signals to represent the front and back 
fist demonstrated in microwave Ill  and then applied surfaces of the transducers, respectively (see lower 

and acoustics r3] and has been studied of Fig. 1). The average process reduces the 
by many other investigators [4-121. noise caused by the vibration of the scanner. 

In this paper, we report near-field imaging of 
wave sources to study structures of transducers in 

111. RESULTS 

high resolution with a 0.5 mm diameter hydrophone Unfocused air-backed piston transducers of 1.5 
scanning very close to the surfaces of the aansduc- MHz and 2.0 MHz cenl~al frequencies were scanned 
ers. In addition, we have developed a method that is near their front surfaces to show both the front sur- 
effective for imaging the surfaces of either annular or faces and the wire connections on the back surfaces 
linear arrays. This method applies alternating phases (Fig. 3). In addition, a 0.75 MHz central frequency 
(difference by 180") to drive adjacent array elements (wavelength. A, was 2 mm in water) ceramic trans- 
and obtains the structures (related to the acoustic ducer was cut with a diamond saw to form two res- 
pressures produced) of arrays by near-field imaging. olution patterns perpendicular to each other (Fig. 2). 
Because the alternating phases produce zero pressure The transducer was air backed and scanned by the 
between elements, the contrast of the images of the hydrophone near its front surface. Images that repre- 
arrays is increased. This method may be useful for sent the front and hack surfaces were obtained. The 
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image that has the highest spatial resolution is that 
of the front surface scanned at the distance of 0.05X. 
The resolution is about 0.5 mm, much smaller than 
the wavelength and is close to the diameter of the 
hydrophone (Fig. 4). 

Both annular and linear array uansducers were 
studied. They were driven by alternating phases 
between adjacent elements and imaged in near field 
that revealed clearly the array structures (Figs. 5 and 
6). Images obtained with in-phase drive are also 
shown for comparison. 

IV. DISCUSSION 

The near-field scanning of transducers can 
achieve super-resolution imaging of the active shuc- 
tures of transducers (Fig. 3). However, there are 
limitations. The distance between hydrophone and 
the surface of transducer must be very small. Only 
the surface that is scanned has the highest resolution. 
To obtain high resolution on the other surface, the 
transducers can be flipped over and scanned or they 
must be very thin (have high central frequency). 
With our current scanner system, only transducers 
with flat surfaces can he studied. Curved transducers 
must be scanned with a more complex system that 
has servo control to keep the distance between the 
transducer and hydrophone constant. In addition. 
the distance between transducers and hydrophone 
is limited by front matching layers or lenses. To 
increase the resolution of this method, the size of 
the hydrophone must be very small. But small hy- 
drophones have increased impedance and thus lower 
signal-to-noise ratio. 

Near-field imaging of array transducers that are 
driven by alternating phases on adjacent elements 
has both high resolution and high contrast. The ze- 
roes between elements help to distinguish the ele- 
ments clearly even if their sizes are smaller than a 
wavelength (Fig. 6). In contrast, the array elements 
are hard to see in the images obtained with in-phase 
drive Fig. 6). 

V. CONCLUSION 

Near-field scanning of transducer surfaces with 
a hydrophone is auseful method to study transducers 

in high resolution. Driving transducer elements with 
alternating phases may even enhance the method. 
These methods are potentially useful for transducer 
manufacturers, designers, and researchers. 
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Block diagram of near-field scan of trans- 
ducer surfaces. One-and-a-half cycle pulses 
were amplified to drive transducers that were 

immersed in a water tank. The acoustic pres- 
sure produced was measured point-by-point with 
a 0.5 mm diameter hydrophone scanning in a 
raster format (C-scan) at a constant distance. 
The received signals were amplified, digitized 
and stored in a computer. The whole system 
was synchronized with a 1 KHz trigger signal. 
A rectified sampIe waveform is shown in the 
lower part of the figure. The first and the sec- 
ond half cycles of the signals were averaged to 
represent the front and the back surfaces of the 
transducers, respectively. 

Fig. Images of 1.5 MHz and 2.0 MHz cen- 
tral frequency air-backed transducers obtained at 
distances of 0.42X and 0.5&X, respectively (A is 
wavelength in water). Their diameters were 25.4 
and 19 mm, respectively. The upper and lower 
two panels are images of acoustic pressures that 
were obtained by processing the received signals 
as described in 1 to represent the front and 
the back surfaces of the transducers. In the im- 
ages of the back surfaces, the wire connections 
to the eIectrodes of the transducer elements are 
clearly seen. 
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Fig. Diagram of the resolution patterns of a 
0.75 MHz central frequency transducer. The 
transducer was coated with front and back elec- 
trodes. Two resolution patterns perpendicular to 
each other were cut with a diamond saw. The 
cuts extended from the front to the back surfaces 
of the transducer and the width of the cuts was 
0.25 mm. There were five different spacings be- 
tween the cuts: 4.0, 2.0, 1.0, 0.5, and 0.25 mm, 
respectively. The diameter of the transducer is 
25.4 mm. 

Images of the 0.75 MHz central frequency 
(wavelength X = 2 mm in water) air-backed 
transducer with the resolution patterns shown in 
Fig. 3. They were obtained at two scanning dis- 
tances: 0.05X (left two panels) and 1.OX (right 
two panels). The upper and lower two panels are 
images of acoustic pressures obtained by p ~ o -  
cessing the received signals as described in Fig. 
1 to represent the front and the back surface of 
the transducer. At the distance of 0.05X, the im- 
age of the front surface shows clearly the res- 
olution patterns with a resolution of about 0.5 
mm. The resolution patterns of the back sur- 
face were distorted because their distance to the 
hydrophone was larger. Both the images of the 
front and back surfaces obtained at the distance 
of 1.OX were blurred. 
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Fig. Near-field images of the back surface 
of a 10-element, 2.5 MHz central frequency 
(wavelength X = 0.6 mm), and 50 mm diameter 
annular array transducer obtained at the distance 
of 1 15X. The transducer was made of 1-3 PZT 
ceramics/polymer composite materials. It had a 
flat front electrode (ground) and 10 concentric 
annular back electrodes The gap between the 
electrodes was about 0.2 mm and the width of 
the electrodes was about 2 mm. The upper 
panels are results with the transducer driven 
by alternating phases, and the lower are those 
with the transducer driven by the same phases 
for all elements. From left to right, the panels 
show images with all elements active, with the 
second, and with the fifth element disconnected. 
It is seen that with alternating phase drive, the 
structure of the array is more clearly shown 
as compared to those with the in-phase drive. 
The wire connections of the back electrodes are 
seen in both alternating phase and in-phase drive 
Images. 

Fig. Near-field images of the front surface of a 
64-element, 2.5 MHz central frequency (wave- 
length X = 0.6 mm) linear array transducer ob- 
tained at the distance of 1.5X. The transducer 
was made of PZT ceramics cut into strips. The 
dimension of the ceramic was 38.4 mm (long) 
and 10 mm (wide). The array had a flat front 
electrode (ground) and 64 back electrodes. The 
gap between the elements was about 0 2  mm 
and the distance between the centers of the ele- 
ments was about 0.6 mm. There are two groups 
of images from left (without taken out any el- 
ements) to right (taken out the 33rd element). 
Each group consists of two panels. The left one 
in each group was obtained by driving the array 
in alternating phases, and the right was obtained 
by driving aU elements in phase. It is seen that 
with alternating phase drive, every element is 
clearly visible as compared to those with the 
in-phase drive where no element is distinguish- 
able. Two elements that were originally dead in 
the array are seen in both alternating phase and 
in-phase drive images. 
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