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1. Introduction 

 The thermophone is an electroacoustic 
transformation device which has simple and 
miniature structure to generate a sound wave 
without any mechanical vibration [1,2].
Conventionally, as a transducer for object detection 
in air, the narrow-band piezoelectric device using 
resonance characteristics is widely used. However, 
high time resolution using broadband frequency 
information will be required for ranging and 
detecting object shape with high precision.  

In this paper, we first investigated the internal 
structure of the device using Scanning Electron 
Microscope (SEM) as well as measurements of 
acoustical characteristics to understand mechanisms 
of electroacoustic transformation of the 
thermophone. The relationship between the 
generated sound pressure level and the input 
electric power was measured. Directivity pattern 
and frequency characteristic were also investigated.   
2. Ultrasonic radiation principle 

A thermophone consists of three layers: a heat 
insulating and releasing layers in the back of a 
surface metallic film. The heat insulating layer 
insulates the AC component of the Joule heat 
generated on the metallic thin film to effectively 
propagate it to the air as a sound wave. On the other 
hand, the DC component of the heat propagates into 
the heat releasing layer. Here, when the alternating 
current (Imsin2 f0t) is supplied to the metallic thin 
film of a thermophone, temperature (T) of the 
minute air parcel near the film surface is given by [1]

According to equation (1), the temperature change 
( T) can be written by 

The sound pressure P(t) excited from a 
thermophone at distance r is:  
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where R and  are resistance and area of a metallic 
thin film with thickness ,  and c are thermal 
conductivity and capacity of the metallic thin film, 

0 is density of air,  is phase difference. 
3. Methods & Measurements  

3.1 Experimental setup of SEM 

As a pretreatment, a plane section of the 
thermophone was coated with Carbon and Platinum. 
The detailed structure was investigated by SEM 
(JSM-7500FD) using secondary and reflection 
electron images. Accelerating voltage was set at 12, 
15 and 20 kV, respectively. Element analysis was 
conducted by XMA (JED-2300). 
3.2 Observing ultrasonic radiation

The input voltage generated from the oscillator 
(Agilent, 33250A) was amplified (NF, HAS-4101), 
and then supplied to the thermophone (R = 60 ).
The sound waves were measured by a condenser
microphone (B&K, 4939) set at 5 cm from the 
thermophone. The signals were amplified by 68 dB 
and high-pass filtered (NF, 3625, f = 10 kHz), and 
were observed using an oscilloscope (TDS 2024C). 
Horizontal and vertical directivity patterns of 
radiated sound waves were measured for the range 
of ±90 degrees by 5-degree step. The frequency 
characteristic of the thermophone was also 
measured up to 150 kHz. 
4. Result 

The SEM image shows that the thermophone 
consists of three layers: a metallic film, a heat 
insulating and a heat releasing layers (Fig. 1). The 
metallic film mainly consisting of Ag-Pd alloy 
particles, and heat insulating and releasing layers 
consist of glass and alumina, respectively (Table 1). 
Figure 2 shows input current signal (top) and 
observed sound waveform (bottom). Since the 
sound pressure level was proportion to the input 
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electric power, RIm
2 (Fig. 3), the frequency of 

generated sound waves of the thermophone was 2f0. 
Figure 4 shows that the thermophone has a wide 
frequency range up to 150 kHz (the decrease over 
100 kHz was due to the characteristics of the 
microphone used). In addition, we confirmed that 
directivity patterns show good agreement with 
theoretical estimations assuming a rectangular 
diaphragm with the size of the metallic film (Fig. 
5). 
5. Discussion and conclusion 

The thermophone showed a broadband frequency 
characteristic. On the other hand, the conversion 
efficiency of the thermophone was estimated to be 
approximately 4.4= 10-6 %, which should be 
improved for practical applications. Shinoda et al. 
has reported that the conversion efficiency is related 
to the ratio of the products of thermal capacity and 
conductivity between the heat insulating and 
releasing layers [3]. Based on the element analysis of 
XMA, the ratio of our thermophone can be 
estimated as heat releasing layer : heat insulating 
layer = 230 : 1, which is smaller than those of other 
electroacoustic transformation devices [3,4]. Other 
than manipulating physical properties of 
compositions for each layer, increasing the 
thickness of a heat releasing layer appears to be one 
of the practical solutions to improve the conversion 
efficiency. 
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Fig. 1 Sectional view of Thermophone. 
 
Table1 composing element of metal film, heat 
insulating layer and heat releasing layer. 

Metal film Heat insulating layer Heat releasing layer
Element Molar ratio (%) Element Molar ratio (%) Element Molar ratio (%)

Si 39.47 Si 71.19 Al 93.5
Pd 14.38 Al 17.21 Si 5.4

Si,Al,Ag,Pd 46.15 Ca,Ba,La 11.60 Ca 1.1  
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Fig. 2 Input current signal (top) and radiated sound wave 
(bottom) from the thermophone. 
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Fig. 3 Relationship between input power and sound 
pressure level of radiated sound wave from the 
thermophone. 
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Fig. 4 Frequency characteristics of the thermophone. 
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Fig. 5 Directivity patterns of radiated sound wave from 
the thermophone (solid lines indicate theoretical 
estimations assuming rectangular diaphragm). 
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