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SUMMARY 
Sonophoresis systems are attracting more attentions in 
transdermal drug delivery which enhance the permeability 
of the skin to the drug molecules by applying ultrasound 
waves. The present study is about to design a Cymbal 
transducer system and achieve the actual resonance 
frequency of the piezoelectric core. Then the efficiency of 
the designed system is evaluated using finite element 
method. A ring-type piezoelectric actuator receives 
electrical current and produces radial vibration. A thin 
sheet cap designed with a special bent structure converts 
these movements into the axial vibrations and also 
amplifies them. To ascertain the resonance frequency, the 
overall impedances of the actuator have been recorded by 
changes in the frequencies which the minimum impedance 
is corresponded to the resonance frequency. To simulate 
the mechanism of the system, radial vibration of the 
piezoelectric ring is applied to the cap and its axial 
displacements are obtained. The results indicate that the 
actual resonance frequency of the used piezoelectric ring is 
about to 39 kHz and the system amplifies the vibration up 
to 1.667 times larger without any energy loss. This system 
can be advantageously used as a physical enhancer of the 
skin's permeability in transdermal drug delivery. 
 
INTRODUCTION 
Application of ultrasound waves is an efficient technique 
to increase the permeability of the human skin against 
some specific therapeutics in drug delivery [1]. In general, 
how a certain drug should be administrated is dependent 
upon the formulation, size of the molecules, half-life and 
physical state of the drug. Also where the drug is about to 
affect on, and the patient's convenience are of crucial 
importance. For instance, in some diseases like diabetes, 
the therapeutic insulin should be repetitively injected into 
the bloodstream by intravenous needles which are 
inconvenient for the patient. In transdermal drug delivery 
(TDD), however, the pharmaceutical molecules can 
penetrate through the skin to reach the tissues deep inside 
and blood stream as well. Since the main resistance against 
the transfer is the outermost avascular layer of stratum 
corneum, some physical and chemical efforts are 
employed in order to enhance the permeability. 
Application of the ultrasound waves, namely 
Sonophoresis, can efficiently increase the potential of 
pharmaceutical mass diffusion due to microcavitation 
within the skin and drug substance as well. Available 
sonophoretic devices are found to be too large and heavy, 
and hence, fabrication of a light, portable, painless and 
controllable one is necessary. To demonstrate the 
feasibility of the ultrasound enhancement, Smith et al. 
(2003) used a novel, low profile two-by-two ultrasound 
array based on the Cymbal transducer for insulin and 
examined it in vivo on rats [2]. Also by doing experiment 
on six pigs, Park et al. (2007) stated that the Cymbal array 
has potential as a practical ultrasound system for non-

invasive transdermal insulin delivery for diabetes 
management [3]. An ultrasound wave can be produced in 
different ways, but a reliable method is using a 
piezoelectric actuator, if the vibration frequency is in the 
range of ultrasonic waves. Hence, the selection and also 
the control of a piezoelectric actuator play significant role 
in the TDD. With a wide range of application, the Cymbal 
transducer system can meet the demands of the TDD. This 
system typically employs a ring-shape PZT piezoelectric 
actuator and a thin cap located on top or beneath of it. In 
this way, the radial vibrations can be amplified (up to 50 
kHz) and also converted to the axial ones. The goal of the 
present study is, first, to assess the resonance frequency of 
the piezoelectric ring, and then, analyze the displacements 
of the cap in order to generate the ultrasound waves using 
finite element method (FEM). 

METHOD 
The designed Cymbal transducer system incorporates a 
ring piezoelectric crystal with certain expansion and 
contraction coefficient. A thin stainless steel sheet 
(thickness = 0.4 mm) is bent so that the cylindrical face is 
in contact with the peripheral area of the piezoelectric ring 
and a slight gap remains between the dome-shape part of 
the cap and the top face of the piezoelectric ring. Figure 1 
shows the structure of the designed Cymbal system.  

 
Figure 1: Exploded view of the Cymbal structure 
 
The grooves removed from the cylindrical part help in 
better attachment of the cap and piezoelectric ring. In 
addition, the above-mentioned gap provides more proper 
conditions to vibrations and emission of the ultrasound 
waves. The first step in usage of a piezoelectric crystal is 
to evaluate its nominal and actual resonance frequency, i.e. 
the frequency in which the crystal vibrates by its 
maximum efficiency once it is linked to an alternating 
current. The resonance frequency of a piezoelectric crystal 
is when the overall impedance of the system is in its 
lowest level or equally the voltage is in maximum limit. 
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Therefore, by measuring the frequencies of the selected 
piezoelectric element against the impedance, one can 
assess the resonance frequency. On the other hand, 
stimulation of the vibrations of the piezoelectric ring 
attached to the cap can elucidate the concept of vibration 
conversion and amplification using a 3D model solved in 
commercial FEM software. The cylindrical faces are 
imposed to be radially vibrated by amplitude of 6 μm and 
achieved resonance frequency of the piezoelectric ring, 
and the lowermost edges of the cap are fully clamped. 
 
RESULTS AND DISCUSSION 
Figure 2 draws the diagram of the piezoelectric crystal's 
impedances against the working frequencies. Initially, the 
values of the impedance decrease by increase in the 
amounts of frequency. This diminutive trend is followed 
till the lowest amount of the impedance, i.e. the exact point 
that the crystal is in its resonance frequency. The 
corresponding value for the resonance frequency is about 
39 kHz, which is reasonable coincidence with the nominal 
frequency reported by the producer (38 kHz). This value is 
that of considered as the displacement application 
frequency in the analysis done by FEM.  

.  
Figure 2: variation of impedance against frequency 

Having reached its lowest impedance, the diagram rises 
sharply up to a maximum point. This point represents the 
maximum impedance, i.e. the anti-resonance frequency of 
the piezoelectric crystal. This denotes the lowest efficiency 
of the system is when the actuator works with frequency 
approximately equal to 42 kHz. By any increase in 
frequency the piezoelectric actuator returns to the medium 
efficiency zone. It is to be noted that the magnitude of 
displacements is about to 10 μm which is remarkably 
greater than the applied displacement by the piezoelectric 
ring indicating that the Cymbal system amplifies the input 
vibration up to 1.667 times larger. Besides, since the 
displacement amplitudes of the all periods are not 
weakened, the system loss no energy during vibration. 
 
CONCLUSION 
An efficient Cymbal transducer system employing a ring-
type piezoelectric actuator and a specific cap was 
designed. Then, the actual resonance frequency of the 
crystal was assessed, and finally, the amplification 
characteristic of the system was proved and quantified. 
The produced and amplified vibration by 39 kHz 
frequency and 10 μm amplitude is appropriate for 
emission of the ultrasound waves practicably used in the 
TDD. These features are compatible with the 
pharmaceutical agents and the biological tissues, and 
potentially can enhance the skin's permeability to the drug 
molecules. 
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