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Abstract: Use of Capacitive micromachined ultrasonic transducers (CMUT) has gained much potential for use 
in the Non-Destructive Evaluation (NDE) field. CMUTs introduced about a decade ago, have been shown to be 
a good alternative to conventional piezoelectric transducers in various aspects, such as transduction efficiency, 
sensitivity, and bandwidth. This paper discuss the development history of ultrasound  sensors and the principles 
of capacitive transducer operation that underlie these aspects. Many of applications of capacitive ultrasonic 
transducers are enabled with micromachining technology. Micromachining allows us to miniaturize device 
dimensions and produce capacitive transducers that perform comparably to their piezoelectric counterparts. The 
fabrication process is described briefly, and the performance of the CMUT transducers is evaluated by 
demonstrating characterization results. It is shown that the there is a lower impedance mismatch between 
CMUT and air and water.  Also, CMUT is compatible with current IC fabrication methods, making production 
easy to automate. It is also shown that CMUT provide large bandwidth in immersion applications which 
translate into high temporal and axial resolution. Finally, the feasibility of using CMUT is demonstrated by 
showing application examples in air and in immersion. 
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INTRODUCTION 
 
 Ultrasonic transducers can be classified according to the physical mechanism upon which they are based to 
convert electrical energy into ultrasonic energy, and vice versa. Magnetostriction, piezoelectricity and 
electrostatics are some of the physical mechanisms used to generate and detect ultrasound (Arif S. Ergun, et al. 
2003). High transduction efficiencies at MHz-range frequencies are needed to use these transducers in practical 
imaging applications. Micro machined electrostatic transducers were first reported in the late 1980s and the 
early 1990s (Bayram B, et al., 2005). A capacitive micro machined ultrasonic transducer with more advanced 
fabrication technology and improved performance was introduced in 1993 by M. Haller and B. T. Khuri Yakub. 
Advanced IC fabrication processes enable realization of the submicron gaps between the electrodes that makes it 
possible to achieve high electric fields. These processes also provide a precise control on device dimensions in 
the vertical and lateral directions. The wide bandwidth and the potential for integration with electronic circuits 
are other advantages associated with CMUTs. Since the first demonstration of CMUTs in the early 1990s, 
extensive research has been conducted on fabrication and modeling of this new transducer technology (Khuri-
Yakub BT, et al, 2000.).  
 A CMUT is simply a device with two plate-like electrodes biased with a DC voltage and driven with an 
additional AC signal to harmonically move one of the plates. The main components are the cavity, the 
membrane, and the electrode. Using common integrated circuit (IC) fabrication processes, a capacitor cell 
appears as a met alized membrane (top electrode) suspended above a heavily doped silicon substrate (bottom 
electrode) Fig.1.  An insulating layer is included to prevent the two electrodes from shorting in case of contact. 
A single transducer element uses many small capacitor cells connected in parallel. By organizing transducer 
elements in different geometries, any array shape is possible (Arif S. Ergun, et al. 2003).  
 The Piezoelectric transducers have long dominated ultrasonic transducer technology, but capacitive 
micromachined ultrasound transducers (CMUTs) have recently emerged as an alternative offering advantages 
such as wide bandwidth, ease of fabricating large arrays, and potential for integration with supporting electronic 
circuits. CMUT technology can potentially produce the type of integrated catheter arrays and external probes 
enabling advanced 3-D imaging. Also they can be batch-produced with micromachining processes to tight 
parameter specifications, which is difficult for piezoelectric.  Results over the last decade demonstrate that 
traditionally fabricated CMUTs optimized with respect to such design parameters as device size, membrane 
radius, thickness, shape, gap height, and operating mode compare favorably to piezoelectric transducers in terms 
of bandwidth (170%), frequency range (100 kHz-70 MHz), dynamic range (130 dB/V), maximum output 
pressure (35 kPa/V) and receive sensitivity (50 dB/Pa/Hz) (Arif S. Ergun, et al. 2003). 
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Fig. 1: Optical picture of 128 element 1D array (top), where each element, separated with 250 mm pitch, is 200 

mm wide and 6 mm long (middle). Each array element consists of 600 membranes each with 36 mm 
diameter (bottom), (Arif S. Ergun, et al. 2003). 

 
CMUT   Fabrication Process: 
 CMUTS (Capacitive Micro-machined Ultrasonic Transducers) have proven effective for air coupled and 
water loaded ultrasound.  This efficacy can be advantageous over piezoelectric transducers for several reasons: 
 There is a lower impedance mismatch between CMUTs and air and water Fig.2,  Also,  
 Piezoelectric transducer fabrication is not compatible with current IC fabrication methods, making 
production difficult to automate.   

 
 
Fig. 2: Electrical input impedance measurement in air in comparison with simulation result: Real part, (Yongli 

Huang, et al., 2003). 
 
 These advantages make Potential applications for CMUT transducers are air or water coupled acoustic 
microscopy, sonar, thickness measurements, and guided wave. The membrane material, thickness, stress, and 
crystal structure are very important to the behavior of the transducer.  Typically a low stress silicon nitride film 
acts as the membrane Fig. 3. This is normally deposited by LPCVD, consisting of Ammonia (NH3) and 
dichorosilane (SiCl2H2) (Yongli Huang, et al., 2003).   
 Other methods have effectively used PECVD for the film deposition (G. Caliano, et al. 2001). The stress in 
the membrane is a very important parameter because of its influence on the ‘spring’ like behavior of the 
membrane.  Also the membrane can collapse onto the substrate or tear if the tensile stress is to low or high, 
respectively (Yongli Huang, et al., 2003). This nitride layer also provides for insulation from the opposite 
electrode, if needed. Other attempts have been made to utilize polysilicon as the membrane.  In this case, an 
electrical insulation layer of silicon nitride was deposited first. In all of these cases, the membrane material(s) is 
deposited on a sacrificial layer in order to create a gap between the membrane and substrate.  This layer must 
etch at a higher rate (preferably much higher) than the membrane and bulk substrate material. Typically an 
amorphous silicon or silicon oxide layer is used for the sacrificial layer. This sacrificial layer is typically grown 
in the thermal oxide case, which has the lowest selectivity to the nitride membrane.  In the polysilicon and 
amorphous silicon case, the film is deposited by standard CVD processes.  This film is typically etched using 
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KOH or HF.  Other properties of this film are not important, as the film simply acts as a temporary spacer onto 
which the membrane material can be deposited. In addition, each of these cases require a via into which the 
sacrificial etchant can flow.  This via has been placed in the center of the membrane, the side of the membrane, 
and external to the membrane in a variety of cases (D. Memmi, et al., 2000) and  (D. Memmi, et al., 2002).  In 
some cases this via is filled after etching to vacuum seal the gap region between the membrane and bulk 
substrate.  This is a necessity for immersion applications, but desirable for transducer longevity in all cases.  
This is because any foreign matter that enters the active region will change the properties of the transducer. 
Another method, rather different than the selective etching discussed above, is wafer bonding.  First, a cavity, 
which is the future bottom electrode (stationary), is defined on a silicon substrate.  Both the cavity and the rest 
of this substrate are oxidized, or have an oxide deposited on the surface for electrical isolation.  The membrane 
is the single silicon crystal on the SOI (Silicon On Insulator), which is already prepared. Both surfaces are 
thoroughly cleaned and bonded in a vacuum.  This technique is advantageous because it allows for extremely 
small gaps between the membrane and silicon substrate.  Also much larger membranes can be created, which is 
beneficial for low frequency use.  Because the membrane is a single crystal silicon, it has much better, more 
predictable properties than previously mentioned deposited amorphous silicon nitrides Fig.4. (Yongli Huang, et 
al., 2003). 

 
Fig. 3: FTIR absorption spectra of silicon nitride films (a) before and (b) after annealing, (Yongli Huang, et al., 

2003). 
 
 Fabrication of CMUTs is based on but not limited to standard thin film deposition and micromachining 
techniques (E. Cianci, et al., 2003). Currently there exist a healthy variety of fabrication methods.  In all cases 
there is a membrane that is suspended above the bulk substrate surface that has a metal electrode on the outer 
surface.  Also there is another electrode somewhere beneath the suspended membrane.  This electrode may be 
just across the gap from the membrane or on the opposite side of the bulk wafer. Because of widespread success 
for CMUTs in air and water based ultrasound.  Refinements in geometry and fabrication are continually being 
made. There are different membrane materials be experimented with as well as different substrate materials and 
thicknesses.  As these refinements are made, more CMUTs will begin to be applied to creating guided waves in 
solids which approximately doubles their useful application. Fig.5  shows the real and imaginary part simulated 
and measured, of the transducer electrical impedance in air and Transmission in air at 5.1 MHz. 
 
Ultrasound Sensor and Front- End IC Design  Models:  
 The optimization of the pulse driver and return echo amplifier circuits requires the use of a precise circuit 
model of the transducer array at the design stage Fig.6. An equivalent circuit that models transmit and receive 
operations of the array enables the matching of the IC to the transducer. This helps the designer to optimize the 
front-end IC before fabrication. any  proposed circuit model must includes components for: 
 The transducer membrane,  
 The complex radiation impedance of the  transducer, and  
 Diffraction and loss in the propagation medium. 
 In the following subsections, we describe some models used.  
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Fig.  4: A portion of the final transducer (a) investigated by SEM, (b) at light microscope, (Yongli Huang, et al., 

2003). 

 
 
Fig. 5: Real and imaginary part, simulated and measured, of the transducer electrical impedance in air (Top), 

and Transmission in air at 5.1 MHz (bottom), (E. Cianci, et al., 2003). 
 
Lumped Circuit Model:  
 The researchers  Feysel Yalcin Yamaner and Ayhan Bozkurt,  develop lumped circuit model Fig.7 for the 
assessment of the pulse-echo response of a 2D CMUT array element integrated with a driver/receiver front-end 
IC. The transducer model is primarily based on Mason’s circuit for an electrostatic transducer. The model circuit 
for the propagation medium, on the other hand, incorporates an RLC network to model the reactive part of 
radiation impedance of a transducer of finite size, and  an RC network to model the frequency dependent 
diffraction losses and attenuation in the transmitted and reflected acoustic waves. The optimization of the pulse 
driver and return echo amplifier circuits requires the use of a precise circuit model of the transducer array at the 
design stage (Feysel Yalcin Yamaner and Ayhan Bozkurt, 2009). 
The conclusion of this research is: 
- Method for the development of a pulse-echo model to evaluate the performance of 2D CMUT array 
elements. 
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- Good agreement between simulation results based on the developed model and experimental results was 
observed.  
- The model can be used to evaluate the performance of front-end ICs for volumetric ultrasonic imaging. 

 
 
Fig. 6: A simplify diversion of Mason’s circuit that only includes the first order resonance of the CMUT 

membrane. Component values are calculated  using analytical expressions as well as FEM simulations. 
 

 
 
Fig. 7: Model matched to pulse-echo result, stage (Feysel Yalcin Yamaner and Ayhan Bozkurt, 2009). 
 
Development of Mason Model Based Finite-Element Simulation: 
 Other researchers like S. Olcum has been develop a mason model with finite-element simulations which it 
is used for the purpose of optimizing parameters. Capacitive micro machined ultrasonic transducers (CMUT) 
have large bandwidths, but they typically have low conversion efficiencies, therefore the gain-bandwidth 
measurement of the CMUT produce excellent definition for CMUT performance measure. S. Olcum, described 
the ways of determining the optimum dimensions and defined the performance measures for CMUTs in 
transmit, receive, or pulse-echo modes Fig.8 . In transmit and pulse-echo modes, CMUTs with large gaps are 
preferable because the collapse voltages are higher; hence, higher excitation voltages are possible. In general, 
there is a tradeoff between bandwidth and gain-bandwidth product Fig. 9. Smaller membrane radii result in 
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higher bandwidth at the expense of a reduced gain-bandwidth product. Where CMUTs operating in receive 
mode S. Olcum find that,  
 The gap height does not affect the figure of merit if CMUT is biased at the same   percentage value of the 
collapse voltage, 
 Therefore there is an optimal value of the membrane radius or thickness  
 An optimal electrical termination resistance for the highest gain-bandwidth product, and  
 One should sacrifice some gain-bandwidth product if a higher bandwidth is necessary. 
 The S. olcum research introduce proposal design tools to determine approximately the optimum dimensions 
of the CMUTs with given frequency response. The results of this research could be on the optimistic side 
because the researcher did not include the effect of spurious capacitors (Selim Olcum, et al., 2005). 
 

 
Fig. 8: Mason model (a) for a cMUT operating as a transmitter excited by a voltage source (VS) to drive the 

acoustic impedance of the immersion medium (ZaS) (b) for a cMUT operating as a receiver excited by 
the acoustical source (FS, ZaS) to drive the electrical load resistance of the receiver circuitry (RS). S is 
the area of the transducer, LT is the tuning inductor, (Selim Olcum, et al., 2005). 

 
Fig. 9: Normalized overall bandwidth (dash-dot), and lower corner frequency (dashed) as a function of 

normalized membrane radius or thickness for cMUTs in pulse-echo mode, (Selim Olcum, et al., 2005). 
 
CMUT-on-CMOS Process: 
 Main concerns in the design of a front-end circuit for acoustic transducers used for ultrasonic imaging are 
low noise, driving strength, and adequate bandwidth and gain. The researchers Ulkuhan Guler and Ayhan 
Bozkurt produced design of  front-end circuit for a 2D CMUT transducer array element with 5×5 capacitive 
cells of 18 μm radius, 0.3 μm Silicon Nitride thickness, and 0.15 μm air gap. The resonance frequency is at 
about 3 MHz, while the applied bias voltage is 100 Volts. For these values, Mason’s model yields a radiation 
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impedance of 130 kΩ, while the total element capacitance is about 250 PF. For a typical ADC input with 1 MΩ 
resistance and 5 pF capacitance values, the output voltage generated by the transducer will be greatly attenuated 
and the bandwidth will be significantly reduced. The circuit is designed using the 0.35μm 50V CMOS 
technology Fig.10.  Consequently, the main function of the receiver circuit is to be able to drive high capacitive 
loads without any signal degradation.  Fig.11 shows the Produced pulse, control signal and received pulse echo 
observed from the one cell element of front-end circuit and Received Echo  (Ulkuhan Guler and Ayhan Bozkurt, 
2006). 

 
 
Fig. 10: Detailed Circuit Topology, (Ulkuhan Guler and Ayhan Bozkurt, 2006). 
 

 
 

 



Aust. J. Basic & Appl. Sci., 7(2): 639-651, 2013 

646 
 

 
Fig. 11: Produced pulse, control signal and received pulse echo observedfrom the one cell element of front-end 

circuit (Top), Produced Pulse (middle) and Received Echo (bottom), (Ulkuhan Guler and Ayhan 
Bozkurt, 2006). 

 
The research result is  
 The size of a 2D array element is constrained in both dimensions due to the aperture sampling criteria, and 
therefore should be less than or equal to the half of the wavelength in both dimensions,  
 Noise optimization of CMOS front-end integrated circuit for 2D CMUT arrays,  
 The circuit is designed using the 0.35μm 50V CMOS technology,  
 A high voltage pulser circuit with optimized transistor dimensions provides a 75 nsec unipolar pulse of 40V 
amplitude to drive the array element, while keeping the output parasitic capacitance at a minimal level, 
 A simple NMOS switch is used for isolating the receive preamplifier,   
 Complete analysis performed of the designed circuit using Cadence simulation tools,  
 The results show that the noise figure of the overall circuit is less than 5 dB, yielding a noise floor of 100μV 
for a 3MHz transducer with 100 % fractional bandwidth and 130kΩ output impedance, 
 The circuit is capable of driving a 5 pF load with unity gain, and 
 The overall layout size of the circuit is 160×185μm2, making the designed circuit suitable for integration to 
3-5MHz CMUT elements through flip-chip bonding or CMUT on- CMOS process (Ulkuhan Guler and Ayhan 
Bozkurt, 2006). 
 
CMOS-ASICs for Monolithic Integration of CMUT Arrays: 
 To meet the demands of medical ultrasound imaging using high density arrays with CMUT technology, 
Gokce Gurun, etc.  designed specialized integrated as custom designed. Because the parasitic interconnect 
capacitance is a significant factor degrading the SNR, monolithic integration emerges as a viable option. 
Silicon-based CMUTs enable different array structures and are especially suitable for various levels of 
electronics integration. Integrated electronics reduces cable count, mitigates parasitic effects and lowers overall 
cost, and hence is a key factor for successful implementation of catheter-based imaging arrays. Single-chip or 
hybrid electronics integration is required for arrays with small element size Fig.12 and Fig. 13. Hybrid 
integration of CMUT array and CMOS electronics through flip-chip bonding is demonstrated in (Gurun G. ,et 
al, 2008 ). Approaches to single-chip integration of CMOS and CMUT devices include interleaved CMOS-
MEMS integration, where CMUTs are fabricated as an intermediate step in CMOS process flow, and CMOS 
before MEMS (Gurun G., et al, 2008). Therefore the conclusion of Gokce Gurun,et al. research can be 
summarize in the following points:  
 Designed on  the same wafer, separate sets of IC cells to interface different types of CMUT arrays for IVUS 
and ICE applications.  
 Circuit topologies include resistive feedback trans impedance amplifiers on the receiver side, along with 
multiplexers and buffers.  
 Gains and bandwidths of receiving amplifiers are optimized separately to fit different array specifications 
such as number of elements, element size and operation bandwidth. 
 To drive CMUTs a high voltage pulser array is designed in the same 3.3V unmodified CMOS technology 
by combining existing technological layers in an unconventional way. 
 CMUT arrays are then built on top of the custom made 8 wafer containing these circuits fabricated in a 
0.35μm standard CMOS process.  
 present initial characterization of the CMOS electronics and pulse-echo measurements obtained post-
CMOS fabricated CMUT elements (Gurun G., et al, 2008). 
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Fig. 12: Picture of the 8” CMOS Wafer (left), layout and picture of the reticule (right), (Gurun G., et al, 2008). 

 
 
Fig. 13: Trans impedance Gain Characterization. (Gurun G., et al, 2008). 
 
CMUT Application: 
 Ultrasonic sensors generate high frequency sound waves and evaluate the echo which is received back by 
the sensor. Sensors calculate the time interval sending the signal and receiving the echo to determine the 
distance to an object. This technology can be used for measuring: wind speed and direction (anemometer), 
fullness of a tank speed through air or water and other applications. The technology limited by the shapes of 
surfaces and the density or consistency of the material. 
 The application in medical come in variety of different shapes and sizes for use in making pictures  of 
different parts of body. While the application in industry ultrasonic sensors are  used to detect the presence 
targets  and to measure the distance to target in many automated factories and process plants. The following 
some of important applications based on CMUT sensor. 
 
CMUT as DMMP Detection Sensor: 
 Chemical and biological sensor systems have a wide range of applications, including consumer, military, 
and medical applications. Portable, yet sensitive and reliable sensors can replace bulky equipment, extending the 
range of applications beyond in-laboratory detection. For example, system-on-chip sensors can save lives of 
soldiers in the battlefield by detecting explosives or chemical warfare agents. Moreover, such sensors can also 
enrich our daily life by detecting spoilage of food, monitoring our environment, and identifying diseases 
detectable from our breath.  
 These chemical sensor systems must demonstrate reliability, portability, sensitivity, and selectivity. Recent 
advances in MEMS resonant devices, such as cantilevers, FBAR and SAW (Hyunjoo J. Lee, et al.,2008) 
resonators, allow the realization of miniaturized chemical sensors, which all utilize the mass-loading 
mechanism. For all these sensors the successful system integration is essential. 
 Hyunjoo  J. Lee, et al.  produce chemical detection device which it is composed of 1000 individual cells 
operating in parallel and provides a robust operation with low false alarm rate and low motional impedance 
comparable to that of Quartz crystal resonators. They designed a CMUT-based oscillator Fig.14 with the 
following specifications: (Hyunjoo J. Lee, et al.,2008). 
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Fig. 14: (a) Schematic of a single cell of a CMUT device. (b) Optical picture of the fabricated device. A single 

elements is composed of multiple cells and each element is separated by through-wafer trenches to 
reduce element-to-element cross-talk through the substrate (c) Optical picture of a single die, showing 
an array of multiple elements, (Hyunjoo J. Lee, et al.,2008). 

  
 Phase noise of -84.8 dBc/Hz,  
 -136.6 dBc/Hz at offset frequencies of 1 kHz and 1 MHz, respectively,  
 The oscillator exhibits an Allan deviation of 0.6 Hz with a one-sigma error of 0.037 Hz, which translates to 
a theoretical limit of mass detection of 16.2 ag,  
 The 18-MHz CMUT is functionalized with a50-nm thick polymer layer, polyisobutylene (PIB) and  
 The described CMUT sensor demonstrates a volume sensitivity of 37.38 ppb/Hz to DMMP. 
 Fig.15 and Fig.16 shows measured and fitted impedance characteristics of the 18-MHz CMUT biased at 46 
V, and measured single side band (SSB) phase noise using Agilent E5052A Signal Source Analyzer. The 
experimental results evaluated by researchers are: 
 The volume sensitivity of  CMUT sensor to DMMP is characterized by varying the analyte concentration 
from 3.2 ppm to 31.6 ppm with a step of 1.5 ppm, 
 As the polymer layer absorbs DMMP molecules, the oscillation frequency drops as a function of volume 
concentration, 
 This sensor system shows a fast response time,  
 The maximum frequency shift is approximately a linear function of the DMMP concentration, and  
 The estimated sensitivity is promising because of used non-optimal PIB polymer layer and expect orders of 
magnitude improvement in volume sensitivity with polymers such as BSP3. 
Finally the researchers conclusion their design as follow: 
 Demonstrated a robust resonant chemical sensor based on an 18-MHz CMUT,  
 mass resolution per membrane area of 0.077 attogram per µm², 
 The inherent features of the CMUT devices: higher quality factor compared to cantilevers due to vacuum 
cavity, massive parallelism of resonators, the array structure, and large surface area, make the CMUT devices an 
excellent candidate for future chemical sensor system with stringent requirements (Hyunjoo J. Lee, et al.,2008). 
 
CMUT Based Blood Flow Meter: 
 Cardiovascular diseases (CVDs) are regarded as one of the most life threatening illnesses to the modern 
people. Many of these cardiovascular diseases are related to an abnormal blood flow rate. Quantitative 
measurement of blood flow provides critical diagnostic information. For example, the common maximum of 
carotid blood flow velocity (CCBF) is around 102.8 cm/s. 
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Fig. 15: (a) Measured and fitted impedance characteristics of the 18-MHz CMUT biased at 46 V. (b) 6-element 

equivalent circuit model used to fit the input impedance of the CMUT. The values for each component 
are shown, (Hyunjoo J. Lee, et al.,2008). 

 

 
 
Fig. 16: (a) Measured single side band (SSB) phase noise using Agilent E5052A Signal Source Analyzer. 

Oscillator has a floor noise of -136.6 dBc/Hz at offset frequency of 1 MHz. (b) Overlapped Allan’s 
deviation [11] for different averaging times calculated from the frequency counter data with a gate 
time of 20 ms. The error bars indicate a 1-sigma confidence level, (Hyunjoo J. Lee, et al.,2008). 

 
 If the maximum of CCBF velocities is smaller than 55 cm/s, it signifies the arrhythmias, which may be 
caused by heart disease, particularly coronary artery disease, heart valve disorders, or heart failure (Mengli 
Wang, et al., 2008).   
 In the past century, a variety of methods for measuring volumetric blood flow have been developed. Among 
these methods, laser Doppler flow meter is one of the most popular modalities currently being used. Laser 
Doppler systems use a fiber optic probe to apply light on a small area of tissue. The light is scattered by the 
tissue and a small amount of this light re-enters the optic fiber for recording. The direction and rate of blood 
flow in the blood vessel cause a doppler shift in the returned light. The Fig.17. shows the perspective of this 
miniature CMUT array designed by Mengli Wang, et al. The suspended membrane  made of doped polysilicon 
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are used to emit and sense ultrasounds. The control circuit of this flow meter includes two main parts: the 
transmission and the reception unit. Fig. 18 shows a blood flow rate measurement results from experiment by 
Mengli Wang, et al ultrasonic blood flow meter. 

 
Fig. 17: A miniature CMUT array for blood flow measurement. The silicon substrate of the array is 

micromachined into a probe shape with a cross-sectional dimension as small as 40µm (thickness) 
80~140µm  (width) such that the array can be implanted into tissue with a minimal disruption, 
(Mengli Wang, et al., 2008). 

 
Fig. 18: Flow rate and direction of blood mimic fluid measured using the CMUT bi-directional flow meter, 

(Mengli Wang, et al., 2008). 
 
 In the figure, the positive velocity means forward flow with respect to the transducer array orientation while 
the negative velocity means a reverse flow. Both the rate and direction of blood flow were displayed on real 
time about 5-10 ms per signal segment. The resolution of the flowmeter was 2mm/second per 10Hz of Doppler 
frequency shift. 
The design of an implantable bidirectional PW Doppler blood flow meter has the following features: 
 This system incorporates the advantages of high resolution, 
 High penetration depth and a real-time bidirectional display, 
 A 4.0 MHz CMUT array probe was successfully used in the vitro experiment as the ultrasound transmitter 
and receiver, 
 Both the rate and direction of blood flow were displayed in real time with a resolution of 2mm/second, and 
 Higher flow rate resolution can be reached if ultrasound transducers of higher frequencies are used (Mengli 
Wang, et al., 2008). 
 
Conclusion: 
 CMUTs have apparent in the last decade as a means of generating and detecting acoustical signals by using 
electrostatic principles. It has been shown that CMUTs can operate comparably to their piezoelectric 
counterparts both in air and immersion. In this paper, we described the basic principles of operation of CMUTs 
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together with fabrication process, front-end IC design. We showed that we can indeed predict the behavior of 
CMUTs beforehand, and design for specific targets. Finally, we demonstrated the feasibility of using CMUTs in 
ultrasound applications by showing some important applications  results both in air and immersion. 
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