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ABSTRACT 

 
In this paper we propose the use of a RF controlled microvalve for implementation on a PZT substrate for biomedical 
applications. Such device has a huge range of applications such as parallel mixing of photo-lithographically defined 
nanolitre volumes, flow control in pneumatically driven microfluidic systems and lab-on-chip applications. The 
microvalve makes use of direct actuation mechanisms at the microscale level to allow its use in vivo applications. A 
number of acoustic propagation modes are investigated and their suitability for biomedical applications, in terms of the 
required displacement, device size and operation frequency. A theoretical model of the Surface Acoustic Wave (SAW) 
device is presented and its use in micro-valve application was evaluated using ANSYS tools. Furthermore, the wireless 
aspect of the device is considered through combining the RF antenna with the microvalve simulation by assuming a high 
carrier frequency with a small peak-to-peak signal. A new microvalve structure which uses a parallel type piezoelectric 
bimorph actuator was designed and simulated using ANSYS tools. Then, further optimization of the device was carried 
out to achieve a better coupling between electrical signal and mechanical actuation within the SAW device. 
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1. INTRODUCTION 
Microvalves and micropumps are of greater interest when it comes to nano-litre drug delivery in biomedical applications. 
The manipulation of the fluid flow at nano-litre scale is a fundamental function that has a wide range of applications such 
as parallel mixing of photo-lithographically defined nanolitre volumes, flow control in pneumatically driven microfluidic 
systems, lab-on-chip applications, precision manufacturing, drug delivery and miniaturisation of chemical and bio-
analysis systems. It is proven that microvalves are essential components of these miniaturised fluidic systems [1]. 

The importance of a wirelessly controlled implantable microvalve for biological applications is increasing gradually. The 
need of a passive microvalve which can be used efficiently and effectively for biomedical applications is highly 
regarded. The common requirements by these applications are small in size, a minimal amount of power to operate and 
biocompatible with human body. The important aspects of these devices are discussed in the flowing sections for a 
microvalve which needs to be bio-friendly, remotely sensed and actuated, battery-less, security coded and possible to fit 
in small body cavities.  

In section 2, a review of device operation is provided in addition to power transfer from an interrogating RF signal to the 
microvalve. Section 3, provides a review of different micropump structures and an analysis of different actuation 
schemes. Device modeling of SAW device modes are discussed in section 4. Based on the developed model, section 5 
provides device simulation using ANSYS tools. As the input power directly affect the device actuation, section 6 
discusses the tradeoffs between operating frequency and RF signal penetration in the human skin. Section 7 presents a 
designed microvalve structure with a comparison of the performance of the microvalve. 

2. DEVICE OPERATION 
In order to supply the required power to the microvalve to cause an actuation, a power source is needed. Some implanted 
devices are powered, for some short term applications, using a battery or some other devices that utilise inductive 
coupling to charge a capacitor for a burst operation [2]. There are obvious disadvantages with implanting an energy 
source with an implantable biomedical device. These include the need for source replacement, extra mass and size of the 
microvalve. It is apparent that the number of useful biomedical applications would greatly increase if the energy source 
was not integrated with the microvalve. 

Smart Materials IV, edited by Nicolas H. Voelcker, Proc. of SPIE Vol. 6413, 64130D, (2006)
0277-786X/06/$15 · doi: 10.1117/12.695743

Proc. of SPIE Vol. 6413  64130D-1

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 11/12/2012 Terms of Use: http://spiedl.org/terms



 

 

Successful realization of a SAW-Interdigital Transducer (IDT) based passive (battery less) wireless sensor is found in the 
literature [3]. The developed sensor can be used in implants such as in the neonatal intensive care units to continuously 
monitor the neonatal newborns, causing minimal discomfort for the newborns. This particular sensor relies on 
modulating the load impedance. However such an approach is not suitable for the proposed microvalve design because it 
is expected to use the output from the SAW device to power the actuator. Considering a generalized application domain, 
researchers have addressed the possibility of using biomedical implants without batteries for biotelemetry applications 
and suggest a different principle using the converse piezoelectric effect, to control the microvalve without batteries [4]. 
The proposed device structure is based on this converse piezoelectric effect combined with a SAW device. 

2.1 Wireless Operation 
In implantable applications, it is important that the device not to be triggered by spurious RF signals. One possible way 
to overcome this issue is to design the system to operate in the near field, to operate only when the external RF source is 
in near proximity. The strength of the electromagnetic coupling between the antennas affects the telemetry distance 
between the sensor antenna and the control unit antenna [3]. However the electromagnetic coupling greatly depends on 
the antenna geometry, size and directivity.  

For a microvalve consisting of a SAW device, the required mechanical actuation forces can be typically of the order of 
100 µN [5] and a 10 µm displacement corresponds to nano-Jules of energy. This suggests that the power requirement for 
the external RF source at typical frequencies is extremely small. Moreover the system can be designed to work when the 
RF source is closer to the user or even in contact with the skin. In some applications there is a need to have more power 
delivered to the antenna hence an efficient antenna would be needed. However if the distance between the interrogator 
antenna and the sensor antenna is short, a slightly inefficient antennas can be used without much loss in performance. 
Consequently less effort and cost is required for the design and fabrication of the antenna [5]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Direct actuation method implementation: a SAW device directly connected to a micro-antenna (through IDTs) is 
used to establish the wireless connection for the microvalve.  

Figure 1 shows a setup for interrogating a SAW device with an integrated antenna. The received RF signal power by the 
device is directly used to generate a SAW in the device which is then used to actuate a piezoelectric actuator in a latter 
stage. In order to interrogate the microvalve, it is important to design a near proximity operation of a wireless system. 
Passive and wireless operations are desirable in applications where an unrestricted operation is more critical than the 
long distance communication [3]. The ability to store energy in SAW and the possibility of handling high frequencies 
enables the construction of passive sensors with the capability to be interrogated by RF signals [6].  

Antenna in 
SAW Device 

PC Phase 
Measurement 

Mixer 

FM 
Generator 

System 
Antenna 

RF Pulses

Response RF Signal

Piezoelectric 
Substrate 

SAW Device 
        IDTs     Reflectors 

Proc. of SPIE Vol. 6413  64130D-2

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 11/12/2012 Terms of Use: http://spiedl.org/terms



 

 

3. A REVIEW OF MICROVALVES/MICROPUMPS AND ACTUATION METHODS 
Analysis of currently available Micro Electro Mechanical Systems (MEMS) structures for microvalves and micropumps 
is significant in designing novel microvalve structures. It is beneficial to incorporate the pumping effect in to the 
microvalve design as it reduces the dependency of the operation of the device on the surrounding fluid flow. It is being 
argued that the most promising micro-fluidic products are devices for DNA, protein analysis and drug delivery [7-10], 
which implies that the development of a biocompatible microvalve with advanced functionality, will be very much useful 
for a host of applications as mentioned previously. 

3.1 Different Microvalve / Micropump Analysis 
 
 

 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Micropump analysis based on their operation and actuation method. Only the major actuation mechanisms are 
considered. 

Different types of micropumps are analyzed based on their actuation method and basic operation and a classification is 
presented in Figure 2. Micropumps can be mainly classified as mechanical and non-mechanical micropumps. Mechanical 
pumps usually utilize moving parts such as check valves, oscillating membranes, or turbines for delivering constant fluid 
volume in each pump cycle. Most mechanical pumps require a mechanical actuator which generally converts an 
electrical energy into a mechanical work. Mechanical actuators can be either external or integrated actuators. External 
actuators consist of an actuator separate to the micropump body where as integrated actuators are micro-machined to the 
micropump. 

Different characteristics such as flow rates versus pump size, energy required for a single stroke versus pump size, 
Reynolds number for different pump structures and back pressure versus flow rate for different micropumps is presented 
in the literature [7]. It is evident from these analyses that in general mechanical pumps are larger in size than non-
mechanical pumps. Moreover, it shows that most mechanical micropumps have achieved flow rated between 10µL/min 
and 1000µL/min and no mechanical micropumps have been able to generate a flow rate less than 1µL/min accurately. 
This occurs due to the large viscus force and their relatively large size. However some non-mechanical pumps have 
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achieved the flow rate limit of 1µL/min accurately. These results highlights the issue of mechanical scaling law has to be 
followed carefully when designing micropumps. Fluid flow rate, required pump energy or the mechanical work and the 
pump size are the main factors to be considered under mechanical scaling law. 

3.2 SAW and Piezoelectric Actuation 
Various different actuation schemes are widely used for microvalves and micropumps [1,3,7,8-10]. Different actuation 
schemes are discussed to identify which actuation mechanism is best suited for the application domain in concern. 
Analysis of different actuation mechanisms for microvalve designs can be found in the literature [1,7,10]. Namely they 
are piezoelectric, electrostatic, magnetic, pneumatic and thermal actuators. Magnetic actuators can be further classified in 
to electromagnetic and solenoid-plunger while thermal actuators can be either thermo-pneumatic, bimetallic or shape 
memory alloy (SMA). Much more comparison is discussed for different actuation mechanisms in [9] with relevant to 
microvalve design for fuel cell applications.  Table 1 below shows a comparison of force, displacement, response time 
and reliability for different actuation mechanisms. 

 

Table 1. Comparison of different actuation mechanisms considering Force, Displacement, Response time and Reliability [9]. 

Actuators Force Displacement Response Time Reliability 

Solenoid-plunger Small Large Medium Good 

Piezoelectric Very Large Medium Fast Good 

Pneumatic Large Very Small Slow Good 

SMA Large Large Slow Poor 

Electrostatic Small Very Small Very Fast Very Good 

Thermo-pneumatic Large Medium Medium Good 

Electromagnetic Small Large Fast Good 

Bimetallic Large Small Medium Poor 

 

For a microvalve be used in biomedical applications, the device should be highly reliable and should have a better 
response time to gain a precise control as much as possible. Moreover a higher force is also an advantage if the 
microvalve or the micropump is surrounded by a high viscus fluid, so that the actuators can work well against the 
pressure generated by the fluid. In an ideal case a higher displacement is highly expected.  

The major drawback of external actuators is large size which restricts the overall size of the micro-pump.  While the 
biggest advantage of them is the generation of a relatively large force and displacement [10]. Despite the fast response 
time and good reliability, electrostatic actuators cause small force and very small stroke [7]. However piezoelectric 
actuators stand out for their low power consumption and high force generation [8], despite their complex fabrication 
requirements and medium output displacement. Further more for pyroelectric actuation, a few degrees of temperature 
difference is required to gain a better micro level displacement [8] which would not be ideal for an implantable 
microvalve. Considering factors discussed above, the piezoelectric actuation is considered to be the best choice for the 
application domain in concern along side SAW devices.  
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4. MODELING BACKGROUND FOR SAW MODES 

4.1 FEA of Acoustic Wave propagation 
The finite-element method is powerful in numerical analysis because it can be used to model arbitrary geometry and 
anisotropic material properties. Piezoelectric materials are anisotropic and the elastic deformation in such materials is 
coupled with the electric field. The constitutive tensor equations for the piezoelectric materials are: 

kkijkl
E
ijklij EeScT −= ,                                                                                                                               (1) 

 

k
S
ikklikli ESeD ε−= ,                                                                                                                                 (2) 

Where ijT  is the mechanical stress tensor,  klS  is the mechanical strain, kE  is the electric field vector, iD  is the 

dielectric displacement, E
jklic  is the stiffness tensor for constant electric field, kije  is the piezoelectric coupling tensor and 

S
ikε  is the permittivity tensor for constant strain.  The relationship between the electric field E  and the electric potential 

φ  is: 

i
i x∂

∂
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φ
E ,                                                                                                                                                (3) 

Mechanical strain S  and mechanical displacement u  are related by: 
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Newton and Maxwell’s laws define the elastic and electrical behavior of piezoelectric materials respectively, where ρ  is 
the mass density of the material. 
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 0. =∇  D  (With the absence of intrinsic charge)                                                         (6) 
 
Eqns (1) to (6) can be reduced to the following relationships: 
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Eqns (7) and (8) can be further reduces to a system of four coupled wave equation for the electric potential and the three 
components of the displacement in the piezoelectric substrate. The values of these electrical and mechanical quantities at 
arbitrary positions on the piezoelectric element are given by a linear combination of polynomial interpolation function as:  

( ) iaai xNx uu )(= ,                                                                                                       (9) 

( ) aa xNx φφ )(= ,                                                                                                      (10) 
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Where iau  is the component of the displacement and aφ   is the electrical potential at the nodes of an element and 
)(xNa  is the shape functions of the elements. The index a  is the node number in an element. 

4.2 SAW Propagation Modes 
A SAW is a sound wave that propagates along the surface of a solid and is contained within the solid. There are a 
number of propagation modes in a SAW device. Some of these modes are Rayleigh waves, Shear Horizontal (SH) 
waves, Lamb waves and Love waves. The selection of a propagation mode depends on the type of material and the 
intended application. Different crystal cuts can be used to generate a specific surface acoustic mode [11-16].  

Rayleigh mode is the typical wave propagation mode in a SAW device. However, if a SAW sensor or actuator is in a 
fluid environment, it is well known that the Rayleigh waves are quickly damped- therefore would not be effective. This 
is due to the fact that the particles have a surface normal displacement component as well as a surface parallel 
component. The use of horizontal wave modes is identified as the solution to avoid damping [13]. Shear Horizontal (SH) 
wave modes are commonly used in fluidic environments, since SH waves subject to lesser damping in this sort of 
applications. The appropriate horizontal modes are ensured by the appropriate material properties and the correct 
manufacture of the multifunction polymer [13]. Based on variety of SAW devices that have been designed and fabricated 
Lamb waves have been used for sensing impact damage, cracks, delamination and corrosion. Where as Love waves have 
been found to be ideal for detection of ice formation, monitor the onset of crack formation and crack propagation.  
Moreover Rayleigh waves have been used for sensing deflection, strain, temperature humidity, pressure and acceleration 
[11,12].  

5. SAW DEVICE SIMULATION 
In order to get an understanding of how a SAW device behave when it is operating as a sensor and/or actuator, SAW 
devices with different material properties [17-19] and different crystal cuts [14-16] are designed and animated in 
ANSYS. Figure 3(a) shows the geometry of a simple SAW device which consists of a piezoelectric substrate and a set of 
IDTs. Two output electrodes are used to observe the output voltage for a high frequency sinusoidal input voltage. Figure 
3(b) shows the meshed SAW device in ANSYS and this is the stage before the solution phase in ANSYS. In order to 
carry out the FEA in ANSYS, it is required to mesh the developed geometry and allocate necessary boundary conditions 
and other actuation forces such as input voltage [19]. These sorts of simulations are beneficial in finding out the best 
suited materials for a specific application and provide an estimate of power requirements and insertion loss associated 
with SAW devices. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (a) SAW Geometry consists of a piezoelectric substrate and a set of IDTs with 16 fingers for each IDT,      (b) 
Meshed and boundary condition allocated SAW device-ready for analysis. The RF signal is emulated by a high 
frequency sinusoidal input voltage signal. Dimensions of the device are 2.5mm (L) x 600µm (W) x 100µm (H). 

(a) (b) 
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Power tolerance of SAW devices is also an important aspect to consider, in improving the performance of the battery less 
device. A few different approaches can be identified regarding power tolerance in SAW devices. One such approach is to 
use multilayer structures or epitaxial growth to improve the metal deposition. Epitaxial growth is the growth of one layer 
of crystals on another such that they have the same structure [21]. Another approach is to reduce the temperature in order 
to minimize the stress induced material transport (acoustomigration) in the SAW device. Yet another approach is to 
optimize the acoustic structure in order to improve power durability by reducing the amount of stress in the electrodes 
[20]. The important outcome to consider is above approaches represent complementary tradeoffs in achieving optimal 
performance and the power handling requirements become more prominent with the increasing frequency.  

6. TRADEOFFS IN ANTENNA DESIGN 
Designing antennas for embedded applications is a challenge because of the factors such as reduced antenna efficiency, 
impact of the environment on the antenna, the need to reduce the antenna size and the very strong effect of multi-path 
losses. Designing implantable microstrip antennas with focus on antenna sizing, operating frequency and 
biocompatibility is discussed in this section. To improve the uniformity of radiation from embedded antennas, non-
uniform insulation is suggested and microstrip designs are chosen because of their huge flexibility in design, 
conformability and shape [22].  

6.1 Effect on Antenna Size and Resonance Frequency 
The antenna sizing can be reduced for a given frequency by the addition of feed and ground points and properly locating 
them on the antenna. The bandwidth of the antenna is proportionate to the distance between feed and ground points [22] 
hence provide a chance to fine tune the antenna specifications. 

Use of materials with high dielectric constants is another method to reduce the antenna size. But the consequence is they 
tend to have higher losses due to the surface wave and therefore poor efficiency. The skin tissue attenuates the power of 
RF signals due to the skin effect [23] and the propagation loss is proportionate to the signal frequency. As a result, it 
develops a lot of design issues in micro-antenna design and development. However, high dielectric constant of the 
human body tissue reduces the wavelength near the antenna and hence the physical size [2]. Also the superstrate material 
cause a reduction of the power deposited in the body near the antenna. Working along with the skin effect, one other 
method to reduce the size of the antenna is to place superstrate material only over the areas with high current density. 
However, the propagation losses in biological tissues can be countered by the gains in the efficiency of compact antennas 
as their electric size increases [2]. 

Effect of the antenna parameters on the antenna resonance frequency is another important area to dive into. Because an 
interrogation frequency has to be selected considering a lot of antenna parameters and other reference power levels 
accepted for human exposure [24]. The shape of the antenna affects the resonance frequency of an antenna and higher 
resonant frequency is achievable from electrically shorter antennas. As the permittivity of the substrate and superstrate 
materials increases, the resonance frequency decreases because of the resulting shorter wavelength. However as the 
thickness of the substrate increases, the effective dielectric constant also increases. As a result the antenna appears 
electrically longer and hence has a slightly lower resonance frequency. In contrast, for an increased superstrate thickness, 
the effective permittivity is reduced by insulating the antenna from higher dielectric body material and results in an 
increased resonance frequency [23]. 

6.2 Tradeoff between Antenna Size and Frequency 
A tradeoff between the operating RF signal and the antenna size for wireless microvalves are discussed in this section. 
Such trade-offs determine the amount of power that can be delivered to the microvalve for actuation. Since the approach 
is to obtain power for the microvalve actuator directly from the interrogating RF signal, it is extremely important to 
analyse and determine the power levels that the microvalve antenna receives from the transmitter antenna at the control 
centre. The relationship between the operating radiofrequency ( f ) and the wavelength (λ ) of the signal is: 

f
c

=λ ,                                                                                                                   (11) 
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Where c is the speed of light (3x108 m/s) and x  is taken to be 16 assuming the analysis is for a simple dipole antenna. 
Based on Eqn (12) the inverse relationship between the antenna size and the interrogating signal frequency is seen from 
Figure 4. More importantly this analysis shows the significance of choosing an operating frequency for the wireless 
communication, while keeping the size of the antenna within the specifications. But there are other major factors which 
have to be considered in arriving at an appropriate RF signal for the antenna. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Antenna Size Vs Frequency Analysis for a simple dipole antenna, x is taken to be 16 for this analysis 

One of them is the effect on the signal strength due to the skin effect cause by the body tissue. When an electromagnetic 
signal propagates through human tissue, the power density associated with the signal attenuates exponentially due to the 
skin effect. The skin effect is defined as the tendency of a high frequency alternating current to distribute near the surface 
of the conductor. As a result the current density near the surface of the conductor is higher than that at the middle of the 
conductor. Consequently the term penetration depth for a material can be defined as the point where the signal amplitude 
reduces by 37% (1/e) or the signal power density reduces by 13% (1/e2) from the incident signal power at the surface of 
the skin [23]. An analysis is shown below considering the effect of attenuation of the signal due to the skin effect. 

For preliminary calculations, the length of the antenna is assumed to be less than 10 cm. The required maximum energy 
for the actuator is taken to be 100nJ [4]. The expected operating frequency of the actuator is taken to be less than 50 Hz 
because a lower operating frequency provides a better modulation of the fluid flow and results in achieving better fluid 
flow rates.  The effective area of the antenna is chosen to be less than 1cm² to be compatible with biomedical implants. 
Based on the above parameters the following calculation is carried out. 

 

Required power for the actuator                  = Energy per cycle*number of cycles* safety margin 

                                                                     = 100 (nJ)*50 (Hz)*4 (where 4 is the safety margin) 

                = 20 µW 

The power density ( S ) at the antenna         = required power/ effective area of the antenna 

                                                                      = 20 (µW)/ 1 (cm²) 

                                                                      = 0.2 W/ m² 

Relationship between the power density at the implanted antenna ( S ) and the penetration depth (δ ) is given by 

)*2(* δdeSSo = ,                                                                               (13) 
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Where, oS  is the power density at the surface of the skin tissue and d  is the distance to the implanted antenna from the 
surface of the skin tissue. Based on the calculation and the Eqn (13) above and using relevant penetration depths for 
different frequencies as shown in Table 2, power density required at the surface of the skin ( oS ) for different penetration 
depths are plotted for a constant S of 0.2 W/ m². Graphs in Figure 5 show the behavior obtained and how rapidly power 
densities change for higher frequencies. Moreover international regulations on occupational exposure to time varying 
electromagnetic fields are followed when selecting a frequency [24].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Different power densities which reach the surface of the skin tissue for different frequencies as the implanted 

antenna is placed at different distances from the skin. Transmitted power density at (a) f = 600 MHz and 
δ =67.57mm (b) f =800 MHz and δ = 44.09mm (c) f =2.45 GHz and δ = 22.30mm (d) f =5.8 GHz and 
δ = 7.5mm. 
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Table 2. Maximum allowed reference power densities and penetration depths for skin tissue at different ISM frequencies 
[24]. 

Frequency (GHz) Maximum allowed reference 
Power Density (W/m2) 

Penetration Depth (mm) 

0.60  15 67.57 
0.80  20 44.09 
2.45 50 22.30 
5.80  50 7.50 

 

Considering results in Figure 5 and reference power levels shown in Table 2, frequencies 2.45GHz and 5.8 GHz are 
eliminated from the consideration. This is because to operate the microvalve which could be implanted in a few 
centimeters from the skin requires power densities much higher than 50 W/ m2 hence it violates reference levels. 
Moreover according to Figure 4, lower the antenna frequency higher the antenna size is. Therefore lower frequencies are 
also eliminated for the consideration. Consequently this analysis shows a frequency around 1GHz would be ideal for the 
operation of the implanted microvalve. 

7. MICROVALVE STRUCTURES 
A few different microvalve structures were designed using ANSYS. A parallel type piezoelectric bimorph actuator is 
used to modulate the fluid flow since it generates a higher force as well as a better displacement over a series type 
piezoelectric bimorph actuator [26,27] and a unimorph actuator. The actuator dimensions are 4mm ( L ) x 800µm (W )x 
80µm ( pt2 ) and the developed microvalve dimensions are 4.8mm x1.5mm x 1.5mm . Each dimension of the microvalve 
structure is designed to be limit to a maximum of 10 mm to maintain the miniaturized size of the device. Based on 
different microvalve structures that have been realised in the literature [1,7,9,10,25], piezoelectric actuators are known 
for high force operation for a moderate input voltage as discussed in section 3.2. The longitudinal shape and the 
possibility to isolate the piezoelectric actuator from the fluid flow hence reduce environmental effects on the microvalve 
structure. By designing a piezoelectric diaphragm synchronized with the actuator, the microvalve can be developed into a 
micropump.  

The microvalve is powered by a sinusoidal signal with an operating frequency ( 0f ) of 50 Hz and a peak voltage ( peakV ) 
of 5V. Figure 6 depicts the side and top views of the microvalve structure and the placement of the bimorph actuator. 
Displacement of the actuator tip ( tipd ) is theoretically calculated by:  

V*d
2

312
3

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=

p
tip t

Ld ,       the input voltage )2(* 0tfSinVpeak π=V                                (14) 

Where t  is the time and 31d is the piezoelectric constant relating the developed strain to the applied electric field. The 
simulated results for tipd  are obtained using ANSYS. PZT-4 material properties were used for both the theoretical and 
simulation analysis. 
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Figure 6. The microvalve structure Developed using ANSYS: (a) The side view of the structure which shows the path of 

the fluid flow when the valve is open, (b) The top view of the structure with the bimorph actuator 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Comparison of Simulated and theoretical results for the developed microvalve structure: (a) Displacement Vs 
Time plot for the simulated and theoretical tip displacement in bimorph actuator in the microvalve, (b) 
Displacement Vs Input Voltage plot for the bimorph actuator. 
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According to Figure 7, it can be seen that the simulated results agree with the theoretical results. Figure 7(b) shows the 
relation between the applied voltage and the achieved displacement of the microvalve. It can be seen that the voltage for 
the simulated plot varies between ± 4.75V instead of ± 5V. This difference is mainly due to the two 1Ω resistors that are 
needed in the simulation to represent the wire and contact resistance in the device. Mainly due to the same reason, the 
simulated displacement tends to be slightly lower than the theoretical value as it can be noticed in both the Figures 7(a) 
and 7(b). 

8. CONCLUSION 
A biocompatible, battery-less and wirelessly controlled microvalve was discussed in this paper. It was identified that 
even though battery-less (passive) biomedical implants have been realised successfully, none of them known to have 
advance control with both sensing and actuating capability in the context of modulation of fluid flow. Therefore the need 
to develop a microvalve with battery-less operation with ensured biocompatibility has been regarded as a high 
requirement for most of the drug delivery and other similar applications such as fertility control and fast DNA 
sequencing. 

A novel method based on using wireless communication and SAW devices for the interrogation of an implantable 
microvalve was highlighted. Power transfer from an interrogating RF signal was discussed as a successful alternative for 
the active operation of the microvalve. A review of different micropump structures was conducted and followed by an 
analysis of different actuation schemes.  The importance of FEA in relation to constitutive equations was discussed and 
different acoustic modes were highlighted relevant to potential applications. Tradeoffs in antenna design were discussed 
and a preliminary analysis was carried out to calculate an appropriate interrogating frequency for the microvalve. Models 
for a SAW device and a microvalve were presented and a comparison of the performance of the microvalve was 
discussed using ANSYS tools.  
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