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Conventional acoustic microscopy with only C-mode imaging has widened its data acquisition mode to B-mode, 
C-mode, surface acoustic impedance mode and three-dimensional (3D) mode. The base of our acoustic 
microscope system was consisted of (1) PVDF transducer with the central frequency of 100 MHz, (2) ultrasonic 
pulser made of high speed semiconductor switching, (3) mechanical scanner using two linear servo motors, (4) 
high speed PCI card digitizer with the sampling frequency of 2 GHz, and (5) personal computer controlling the 
whole system. 

1 Introduction X-axis motor 

Y-axis motor 
Conventional scanning acoustic microscopy for medicine 
and biology has been developed for more than twenty years 
at Tohoku University [1-9].  Recently, dramatic shortening 
of the calculation time has been provided by the progress of 
the computer technology and it has made biomedical 
researchers to possibly assess the non-linear acoustic 
phenomena in soft materials which had been assumed as 
acting linearly. Besides, the spread of Windows-based 
personal computer and peripheral devices enabled easier 
and cheaper configuration of the whole acoustic microscope 
system such as pulse generation, analogue/digital 
conversion, mechanical scanning and image processing. 
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In the present study, conventional acoustic microscopy with 
only C-mode imaging has widened its data acquisition 
mode to B-mode, C-mode, surface acoustic impedance 
mode and three-dimensional (3D) mode. Regenerated skin 
model and fingerprint were visualized by the ultrasound 
imaging system. 

Fig.1 Schematic illustration of the 
ultrasound imaging system 

 

2 Methods 

2.1 Instrumentation 

2.2 Instrumentation 

Surface and 3D-mode imaging was obtained with a PVDF 
transducer with the diameter of 2.4 mm and the focal length 
of 3.2 mm. C-mode imaging was obtained with a different 
PVDF transducer with the diameter of 1.8 mm and the focal 
length of 1.5 mm. Figure 2 shows the characteristics of the 
sound field of two kinds of transducers. The following system was commonly used for each 

imaging mode. An electric impulse was generated by a high 
speed switching semiconductor. The start of the pulse was 
within 400 ps, the pulse width was 2 ns, and the pulse 
voltage was 40 V. The frequency of the impulse covered up 
to 500 MHz. The electric pulse was used to excite a PVDF 
transducer with the central frequency of 100 MHz. The 
ultrasound spectrum of the reflected ultrasound was broad 
enough to cover 50-160 MHz (-6dB). The reflections from 
the tissue was received by the transducer and were 
introduced into a Windows-based PC (Pentium D, 3.0 GHz, 
2GB RAM, 250GB HDD) via a high-speed A/D converter 
(Acqiris DP210, Geneva, Switzerland). The frequency 
range was 500 MHz, and the sampling rate was 2 GS/s. 
Eight pulse echo sequences were averaged for each scan 
point in order to increase the signal-to-noise-ratio. The 
transducer was mounted on an X-Y stage with a 
microcomputer board that was driven by the PC through 
RS232C. The Both X-scan and Y-scan were driven by 
linear servo motors. Fig. 1 shows the schematic illustration 
of the system. 
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Fig.2 Comparison of the two kinds 
of ultrasonic transducers 
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2.3 Regenerated skin model 
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In the present study, cultured 3D skin model Vitrolife-
Skin® (Gunze, Kyoto, Japan) was used for conventional 
acoustic microscopy. Vitrolife-Skin® was a 3D human skin 
model used as an alternative for animal skin during 
irritation test. Keratinocytes were cultured to cover cultured 
epidermis to form two-layered structure [10]. Fig.3 shows 
the schematic illustration of the 3D skin model. 

where S0 is the transmitted signal, Starget and Sref are 
reflections from the target and reference, Ztarget, Zref and 
Zsub are the acoustic impedances of the target, reference and 
substrate, respectively [11]. 
Fig.4 shows the schematic illustration of surface acoustic 
impedance mode. Keratinocyte

s 
Zsub 

 
For B-mode, surface acoustic impedance mode and 3D 
mode, human finger was scanned by the system. Water was 
used as the coupling medium between the transducer and 
the finger. 

2.4 Signal processing for C-mode 

Denoting the standardized phase of the reflection wave at 
the tissue surface as φfront, the standardized phase at the 
interference between the tissue and the substrate as φrear, 
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where d is the tissue thickness, co is the sound speed in 
coupling medium and c is the sound speed in the tissue. 
Thickness is obtained as 
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Finally, sound speed is calculated as 
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After determination of the thickness, attenuation of 
ultrasound was then calculated by dividing amplitude by 
the thickness and frequency. 

2.5 Signal processing for surface acoustic 
impedance mode 

The target signal is compared with the reference signal and 
interpreted into acoustic impedance as 

 
In case of using water as the reference, its acoustic 
impedance was assumed to be 1.5 x 106 Ns/m3. On the 
other hand, in case of using silicon rubber, the acoustic 
impedance of itself was calibrated, by using water as the 
standard reference material.  In this report, 0.965 x 106 
Ns/m3 was used. The acoustic impedance of the substrate 
was calculated to be 3.22 x 106 Ns/m3, considering its 
sound speed and density. 

2.6 Signal processing for B-mode and 3D-
mode 

RF signal of each scanning line was converted to B-mode 
image by a conventional image processing algorithm. The 
scan area was 2.4 mm x 3.0 mm with 300 x 4000 pixels. Y 
scan width was available 8 / 16 / 24 / 64 microns step to 
obtain 3D data set. 3D image was obtained by 3D 
reconstruction of the consecutive images. 

3 Results 

3.1 C-mode imaging of Vitrolife-Skin® 

Fig.5 shows the (a) optical microscopic and (b) C-mode 
(sound speed) image of Vitrolife-Skin®. The sound speed 
of the epidermis was approximately 1580 m/sand the sound 
speed of dermis was ranged 1530 to 1560 m/s 
corresponding to the density of fibroblasts in the dermis. 

Fibroblast
s 

Collagen sponge 

Fig.3 Schematic illustration of 
Vitrolife-Skin® 

Fig.4 Schematic illustration of surface acoustic 
impedance mode 
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3.2 Surface acoustic impedance mode 

Fig.6 shows the surface acoustic impedance mode og 
human fingerprint. Besides the friction ridges of the surface 
of the finger, pores of eccrine glands (white arrows) are 
clearly observed. 

 

3.3 B-mode imaging of human fingerprint 

Fig.7 shows (a) B-mode and (b) corresponding histology of 
the human fingerprint. The friction ridges of the finger are 
clearly shown in the B-mode image. 

 

3.4 3D-mode imaging of human 
fingerprint 

Fig.8 shows 3D acoustic microscope image of the finger 
print of (a) surface and (b) rear surface. Besides the friction 
ridges shown in surface image, dermal papillae with eccrine 
glands are clearly shown in rear surface image. 

Fig.7 (a) B-mode and (b) corresponding 
histology of the human finger print 

(a) 

Fig.5 (a) optical microscopic and (b) C-mode 
(sound speed) image of Vitrolife-Skin® 

(b) 

Fig.6 Surface acoustic impedance 
mode of human fingerprint 

Fig.8 3D imaging of the fingerprint of (a) 
surface and (b) rear surface 
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4 Discussion 

Compared with conventional acoustic microscopes, this 
system is unique because the system is capable of imaging 
the tissue in three different modes; (1) conventional C-
mode acoustic microscope imaging of thinly sliced tissue, 
(2) ultrasound impedance imaging of the surface of tissue, 
(3) B-mode imaging of the tomography of the tissue and (4) 
3D ultrasound imaging of the whole tissue. Especially, 
surface impedance imaging and 3D imaging have realized 
the use of acoustic microscopy in vivo and in clinical 
settings. As the spatial resolution of the system is 15 micron, 
it is enough to visualize epidermis with 50-100 micron 
thickness and friction ridges of the fingerprint were clearly 
visualized by the system. 
3D imaging would provide direct information on the cancer 
invasion of in the dermal layer to hypodermal layer. As the 
original RF signal was accessible in the system, automatic 
tissue classification methods established in intravascular 
ultrasound [12-13] would be applicable to the diagnosis of 
the skin. 

5 Conclusion 

An acoustic microscope system with C-mode, surface 
acoustic impedance mode, B-mode, and three-dimensional 
(3D) imaging was developed. For skin imaging, 
conventional C-mode imaging of thinly sliced skin sample 
presented quantitative values of sound speed. Surface 
acoustic impedance imaging of the fingerprint can be 
obtained by just putting a finger on a thin plastic plate of 
the transducer. 3D imaging of the fingerprint was 
reconstructed by consecutive B-mode imaging.  
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