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Abstract—Droplet actuation using Surface Acoustic 

Wave (SAW) technology has recently been widely employed 

in ‘lab on a chip’ applications. In this paper, SAWs 

generated by Inter-Digital Transducers (IDTs) were used to 

actuate micro-droplets, where their velocity and direction 

could be adjusted by changing only the excitation phase 

shift, θ, of the voltage applied to the two IDTs. Specifically, 

an analytical expression for the acoustic Standing Wave 

Ratio (SWR), operating in the Exciter-Exciter mode, has 

been derived by the authors, and given as a function of θ 

and the spatial phase difference.  It can be seen from the 

expression that the directions of the Traveling Surface 

Acoustic Waves (TSAWs) will be opposite to each other, in 

the range of θ given by (0, ) and (, 2), and the component 

of the TSAWs can be adjusted by changing θ in each 

direction. Following the theoretical analysis discussed here, 

the IDTs fabricated on a LiNbO3 substrate have been 

excited to generate a mixture of TSAWs and Standing 

Surface Acoustic Waves (SSAWs). A series of experiments 

was carried out to control the velocity and direction of the 

actuated droplets, by changing only θ. In addition, an 

experiment performed to compare the techniques shows 

that the upper limit of the velocity of the actuated droplets 

can be significantly increased using the Exciter-Exciter 

mode, showing that it has the potential to be an alternative 

method to the routine Exciter-Absorber mode.  

 
Index Terms—Surface Acoustic Wave (SAW), Inter-Digital 

Transducers (IDTs), Exciter-Exciter mode, excitation phase shift, 

Standing Wave Ratio (SWR)   

 

I. INTRODUCTION 

icrofluidics has been widely used in chemical analysis 

and biomedical research [1-3]. By using this technique in 

the handling and manipulating of trace amounts of fluids, for 

example biological fluids on small chips which are a few square 
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centimeters in size, sample costs and processing times can be 

reduced and high-sensitivity separation and detection can be 

performed [4-5]. In such ‘lab-on-a-chip’ applications, droplet 

manipulation is an important branch of microfluidic technology. 

Over several decades, a variety of different approaches to 

actuate droplets on a substrate have been discussed and results 

published, including the use of techniques such as 

electrodynamics [6], acoustics [7] and hydrodynamics [8]. Among 

these, droplet actuation using Surface Acoustic Wave (SAW) 

technology shows a number of important characteristics, such 

as convenience for modular integration, allowing the 

manipulation of droplets without direct contact, as well as 

scalability and programmability [9]. Drawing on these 

advantages, droplet actuation technology using a SAW-based 

method becomes a promising approach and thus has been 

widely employed in some ‘lab-on-a-chip’ applications [10]. 

The Traveling Surface Acoustic Wave (TSAW)-based 

approach has also routinely been used to actuate droplets [4,11]. 

Specifically, TSAWs on the substrate can be generated when a 

single Inter-Digital Transducer (IDT) on a piezoelectric 

substrate is excited by an RF power source.  Simultaneously, 

another IDT or an adhesive can be placed on the other edge of 

the substrate to absorb the vibration, where this can be called 

the Exciter-Absorber mode. When the droplet is placed in the 

propagation path of the TSAW, the acoustic energy can be 

radiated into the droplet to create a sufficiently large acoustic 

pressure gradient within it[12]. As a result, the droplet can be 

moved in the same direction as that in which the wave is 

propagating [13-15].  

In this work, the Exciter-Exciter mode (exciting a pair of 

opposing IDTs simultaneously) has been used for droplet 

actuation, in a way that is different from using the Exciter-

Absorber mode. (In previous studies, the Exciter-Exciter mode 

could be used to generate a pure Standing Surface Acoustic 

Wave (SSAW) in a micro-channel which was placed on the 

substrate, where phase control of the opposing IDTs had 

previously been employed to change the positions of the 
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standing wave nodes and thus the particles captured by the 

nodes could be manipulated [16].) However, in the Exciter-

Exciter mode reported here, considering the reflection of the 

surface acoustic wave from the IDTs in the SAW device 

without a micro-channel (which has usually been ignored in 

previous studies), the equation for the mechanical vibration of 

the mixed TSAWs and SSAWs formed on the substrate surface 

by using the Exciter-Exciter mode, are discussed for the first 

time.  In the mixed waves, the TSAWs component can be 

adjusted by changing the excitation phase shift, θ, of the voltage 

applied to the two opposite IDTs.  Thus an adjustment of the 

velocity and direction of the actuated droplets can be achieved.  

In this paper, an expression for the traveling wave component 

of the mixed waves has been derived by the authors (here the 

ratio of the maximum to the minimum vibration amplitude, 

defined as the Standing Wave Ratio (SWR), which was used to 

describe the traveling wave component [17]). As a result, a 

method for the control of the velocity and the direction of the 

actuated droplets, by using a knowledge of θ to adjust the SWR, 

has been discussed. In addition, a series of experiments has then 

been carried out to modify the velocity and direction of the 

actuated droplets, where this approach has been shown to 

increase the velocity of the droplets. 

II. THEORETICAL BACKGROUND 

It is well known that a pure standing wave, a pure traveling 

wave or a mixture of the two can be formed on a substrate [18-

19], and the envelope diagrams of the vibrational waveforms are 

shown in Fig. 1. Different vibrational waveforms can be 

distinguished by the value of SWR (that is the ratio of the 

maximum to the minimum vibration amplitude). The value of 

SWR lies between unity and infinity when a mixed wave, 

comprising travelling waves and standing waves, is formed. 

 
Fig. 1. Waveform envelope diagrams of the different types of vibration on the 

substrate.  (a) the pure standing wave, (b) the pure traveling wave, (c) the mixed 

wave.  The dashed lines show the maximum amplitudes (Zmax) of all the 

particles on the surface of the substrate, and the dash-dotted line shows the 

minimum amplitudes (Zmin), that is, the amplitude of the TSAW component. 

In this study, the Exciter-Exciter mode has been used by the 

authors to excite a mixture of TSAWs and SSAWs, and the 

SWR is then used to describe the TSAW component in the 

mixed waves. It can be noted that the value of the SWR is 

related to the design parameters of the two IDTs and θ.  Several 

important specific theoretical relationships can be derived, as 

discussed below. 

A. Vibration of the mixed waves on the substrate surface 

As shown in Fig. 2, the acoustic waves excited by each pair 

of fingers in an IDT are superimposed on each other, and this 

can be considered as the acoustic excitation source being 

positioned along the center line of each IDT. Here L represents 

the distance between IDT 1 and IDT 2, as shown in Fig. 2.  

During the process of actuating the droplets, the two IDTs were 

excited at the same frequency and amplitude, with an excitation 

phase shift, θ.  It is assumed that the incident wave excited by 

the IDT on one side will be totally reflected back after 

propagating to the IDT on the other side.  

 
Fig. 2. Schematic of the Exciter-Exciter mode of the droplet actuation device 

using the SAW. Here the blue solid line and the blue dotted line represent the 

incident wave, A0∙cos(ωt), excited by IDT 1 and its reflected wave respectively 

(where A0 represents the amplitude of the TSAW generated by one IDT). 

Similarly, the red solid line and the red dotted line represent the incident wave 

excited by IDT 2, A0∙cos(ωt+θ), and its reflected wave respectively. 

As illustrated in Fig. 2, IDT 1 generates a traveling incident 

wave which will be totally reflected from the other side of the 

device, forming a traveling reflected wave. Similarly, IDT 2 

generates a traveling incident wave and a reflected wave. 

Following that, these four traveling waves are superimposed to 

form two standing waves, which are then superimposed on each 

other. Thus the z direction-based vibrational displacement of 

each particle on the surface of the substrate at time, t, and at a 

position, x, can be written as [18,20-22]: 

      
0( , ) 2 [cos cos cos( )cos( )]Z x t A t kx t kx kL  = + + +    (1) 

where ω and k respectively represent the angular frequency 

applied to both the IDTs and the wavenumber of the vibrational 

displacement and θ is the excitation phase shift of the voltage. 

To more easily derive the following equations,  is termed as 

the spatial phase difference, given by k(L-n
c

f
), where c and f 

respectively represent the speed of sound in the SAW, 

propagating on the substrate and the frequency of the excitation 

signals, and n is an integer where [0, 2); thus, the term 

cos(kx+kL) is numerically equivalent to cos(kx+).  

B. Standing Wave Ratio (SWR) 

To obtain the value of the SWR, it is necessary to calculate 

both the maximum and minimum vibrational amplitudes from 

Equation (1), respectively being Zx max  and Zx min , of Z(x,t), 

which can be derived from Equation (1) and these are given by: 
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where θ1 and θ2 are the two values of θ seen when Zx max =
Zx min, that is, when the pure TSAW is produced, which can be 

expressed as shown below: 
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This allows the 1/SWR of the SAW forming on the substrate 

to be expressed as shown below, which can be seen to be related 

to both θ and .  
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As can be seen from Equation (3), the larger is 1/SWR, the 

more is the traveling wave component.  It can be noted that 

when the IDTs are prepared, the distance between the two IDTs, 

L, and the sound speed of the SAW, c, are constant.  Then the 

value of  will also remain unchanged if the frequency of the 

excitation signals, f, remains constant.  In this case, the value of 

the SWR can be controlled by adjusting θ only. 

C. Velocity adjustment of the actuated droplets by changing 

the SWR  

Based on the analytical expressions for the SWR, θ and  

given above, the curves illustrating the relationship across θ and 

the SWR, for different values of , are shown in Fig. 3(a). It 

can be clearly seen that not only can the pure TSAWs be created 

for two values of θ, but also the pure SSAWs can be similarly 

formed, where θ is given by 0 or . It can be noted that the two 

values of θ being used to produce the pure TSAWs are related 

to , while those being used to create the pure SSAWs have 

constant values of θ, these being 0 and π, and independent of .  

In addition, for a given value of , in either of the ranges, 

(0<θ<) or (<θ<2), the traveling wave component (that is the 

1/SWR) of the SAW can be adjusted by changing θ only.  

It can be noted that in the mixed waves, formed from TSAWs 

and SSAWs, only the TSAWs can drive the droplets, while the 

SSAWs cannot [11]. Furthermore, previous studies have shown 

that the larger the amplitudes of the TSAWs, the faster will be 

the velocity of the actuated droplets [23-25]. Therefore, the larger 

the value of 1/SWR, the closer θ (in Fig. 3(a)) will be to θ1 or 

θ2, and the faster the actuated droplets will move. As can be 

seen, the droplets reach their greatest velocity when θ equals θ1 

or θ2, while the droplets will be stationary when θ equals 0,  

or 2.  In this way, the velocity of the actuated droplets can be 

adjusted by changing θ. 

In addition as can be seen from Equation (2), for a given 

value of α, pure TSAWs can be formed when θ is set to θ1 or θ2, 

where the relative maximum value of the amplitude of the 

TSAWs (Zx min), Zpure TSAW, can be obtained as: 

TSAW 02 | sin |=pureZ A                         (4) 

As illustrated by Equation (4), the amplitudes of the pure 

TSAWs, Zpure TSAW, vary with the values of α, and Zpure TSAW is 

greater than A0 (the amplitude of the TSAW excited by one 

single IDT) when α is set to be in the ranges of (/6, 5/6) or 

(7/6, 11/6). In other words, assuming that the amplitude of 

the TSAW is A0 when exciting one IDT with a certain voltage 

(Vpp) in the Exciter-Absorber mode, then the amplitude of the 

TSAW generated could exceed A0 or even reach 2A0 when 

exciting a pair of IDTs with Vpp in the Exciter-Exciter mode, 

using an appropriate value of . In summary therefore, a larger 

TSAW amplitude can be generated by using the Exciter-Exciter 

mode compared with the Exciter-Absorber mode with the same 

input voltage. Previous studies have shown that the droplet will 

move faster under driving with the TSAW with larger 

amplitude [23-25]. Thus, the upper limit of the droplet velocity 

can be significantly increased due to the increase of the 

amplitude of the TSAW by using the Exciter-Exciter mode.  

D. Direction change of the actuated droplets using the SWR  

Here the directions of the pure TSAWs can be further 

derived.  Taking 1=3π/4 or 5π/4 as an example (the curve 

shown in gray in Fig. 3(a)), when θ is given by θ11 or θ12, the 

pure TSAWs can be formed on the substrate and the normalized 

vibrational displacement can be written as: 

1 1 11 1

1 1 12 1

1 1 11 1

1 1 12 1

sin sin( ) ( , 3π/4 [0,π])

sin sin( ) ( , 3π/4 [0,π])

sin sin( ) ( , 5π/4 (π,2π])

sin sin( ) ( , 5π/4 ( ,2 ])

ˆ ( , )

     

     

     

       

− + = = 

+ + = = 

+ + = = 

− + = = 





=



kx t

kx t

kx t

kx t

Z x t    (5) 

It can be seen from Equation (5) that the directions of the 

pure TSAWs at θ1 and θ2 are opposite to each other. 

Furthermore, the direction of the TSAW in the range where θ 

varies from 0 to  is identical to that at θ1, while the TSAW 

direction in the range of θ varying from  to 2 is identical to 

that at θ2. Therefore, considering the two cases of 0≤≤ and 

<≤2, the relationships between θ and the directions of the 

corresponding TSAW components are shown in Fig. 3(b) and 

(c). It can be concluded that the direction change of the TSAW 

components can be realized by adjusting θ as shown (0<θ<) 

or (<θ<2).  
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Fig. 3. (a) Theoretical relationships between θ and 1/SWR under different  conditions. Here the squares and the solid circles used represent the pure SSAW and 

the pure TSAW respectively. θ11 and θ12 are the excitation phase shifts that were used to excite the pure TSAWs where 1=3π/4 or 5π/4. Similarly, θ21 and θ22, θ31 

and θ32 correspond to 2=π/2 or 3π/2, 3=π/4 or 7π/4 respectively. (b) and (c) Relationships between θ and the directions of the traveling waves components, where 

=3π/4 in (b) and =5π/4 in (c). Here the green and the orange areas represent the positive and negative x-directions respectively. 

In summary, using the expressions derived for the SWR of 

the SAW on the vibrating substrate, a clear relationship across 

θ, , and 1/SWR can be obtained. After determining the value 

of  according to the geometrical parameters of the IDTs, the 

TSAW component (that is, 1/SWR) can be precisely controlled 

by changing θ. Thus the velocity and the direction of actuated 

droplets can be adjusted in this way.  

III. DEVICE FABRICATION AND SYSTEM SETUP 

The experimental system used in this study is shown in Fig. 

4. Specifically, a SAW generator developed by the authors was 

used to create two excitation signals with an adjustable phase 

shift, and these were applied to the IDTs of the SAW-based 

micro-manipulation device placed on the IDT-driver board. 

Further, the mixed TSAWs and SSAWs can be excited on the 

vibrating LiNbO3 substrate of the SAW device, and thus the 

droplet on the substrate can be driven by the SAW. Here the 

IDT-driver board used was a specially designed PCB board 

which included two input signal ports, the driver circuitry for 

the SAW device, the test points and the SAW device placement 

area. The SAW device could be connected not only to the SAW 

generator to excite the IDTs, but also to the oscilloscope to 

measure their voltages. The steps taken in the manufacture of 

this SAW micro-manipulation devices were as follows: a 

double layer of chromium and gold (Cr, 5nm / Au, 80nm) was 

deposited on a photoresist-patterned 128° YX LiNbO3 wafer, 

followed by using lift-off technology to form a pair of IDTs.  

The IDTs were excited at a frequency of 39.5MHz in the 

experiments carried out. 

 

Fig. 4. Photographs of the SAW generator and the IDT-driver board. Here the 

SAW-based micro-manipulation device was placed on the IDT-driver board, 

and an enlarged photograph of this is shown in the right side of this figure. A 

schematic of the structure of each IDT is shown in the blue dotted box. Here 

each IDT was made up of 30 pairs of electrodes which were fabricated in 

parallel and spaced uniformly on the substrate, where the acoustic aperture, 

P=6mm and the interdigital period, M=100μm.   

IV. EXPERIMENTAL STUDY  

A. Relative change of the 1/SWR value of the surface acoustic 

waves 

In order to assess the relative change of the actual 1/SWR of 

the vibrating surface of the substrate, a method using the energy 

flow perspective has been proposed in this paper.  Specifically, 

the SAW propagating on the substrate can generate a potential 

on the IDT through the piezoelectric effect, so the terminal 

voltage of each IDT was equal to the sum of the potential and 

the excitation signal voltages. From such an energy flow 

perspective, the propagation of the traveling waves could be 

regarded as equivalent to the flow of mechanical energy. 

Therefore, the relative change of the actual value of the 1/SWR 

of the vibrating surface could be assessed by comparing the 

amplitudes of the voltages of the two IDTs, which represent 

their potential energies. 

In the experiment carried out, two sinusoidal RF signals with 

identical amplitudes of 18V and the same frequencies of 

39.50MHz were respectively applied to the two IDTs, when the 

excitation phase shift, θ, varied from 0° to 360°. After that, the 

voltages on the two IDTs were obtained by using the 

oscilloscope connected to them. In this way, the data 

representing the changing voltage amplitudes of the two IDTs, 

varying with θ, were acquired and the results were plotted in 

Fig. 5(a). It can be seen that as θ varies from 0° to 360°, the 

values of the voltage amplitudes of IDT 1 and IDT 2 both vary 

from 8V to 25V, showing different trends which are similar in 

form to sinusoidal curves, where the values of the voltage 

amplitudes of the two IDTs were not equal to each other.  

 
Fig. 5. (a) Measured voltage amplitudes of IDT 1 and IDT 2 plotted against θ. 

θ varied from 0° to 360°, in intervals of 10°, where the blue triangles and red 

circles represent the measured values of the voltage amplitudes of IDT 1 and 

IDT 2 respectively. (b) Experimental and theoretical values of 1/SWR plotted 

against θ, where f =39.50MHz and  =70°. The red squares represent the 

experimental relative values of the 1/SWR, and the corresponding black lines 

denote the theoretical relationships. 

In this work, the maximum and minimum values of the 

voltage amplitudes across IDT 1 and IDT 2 for a given value of 

θ were recorded as Umax and Umin respectively. Here the 

traveling waves and the standing waves could be represented by 

Umax - Umin and Umin respectively, and the mixed waves by Umax. 

As a result, the actual measured value of 1/SWR can be 

expressed as (Umax - Umin)/Umax. In this way, the data showing 

the experimental and the theoretical values of 1/SWR for 

different values of f, varying with θ were acquired, as plotted in 

Fig. 5(b). As can be seen, the relative experimental values of 

1/SWR (which means the traveling wave components), have 

reached their relative maxima at θ1=110° and θ2=250°. 

Additionly, pure TSAWs could not be formed due to the 

incompletely reflected waves. Therefore, the SSAWs will 

always remain on the substrate and this will result in the 

maximum experimental values of the 1/SWR seen being less 

than 1. 

It can be seen from Fig. 5(a) and (b) that, in the range 
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0°<θ<180°, the values of the voltage amplitudes of IDT 1 were 

larger than those of IDT 2, which meant that the traveling waves 

propagated from IDT 1 to IDT 2, and verse versa, for 

180°<θ<360°. This shows that the TSAWs components over 

these two ranges of θ (0°<θ<180° and 180°<θ<360°), have 

opposite directions. 

B. Velocity adjustment and direction change of actuated 

droplets by changing θ  

Here the SAW-based micro-manipulation device has been 

used to actuate the droplets, and the velocity adjustment and 

directional change of the actuated droplets have been realized 

by changing the excitation phase shift, θ. In these experiments, 

ethanol droplets were loaded on the substrate and driven by the 

SAW (water droplets could also be driven in the same way, but 

ethanol droplets were easier to actuate and a wider adjustment 

range for θ is possible when changing the velocities of these 

ethanol droplets).  Here the droplets were loaded on the LiNbO3 

substrate using a micropipette, keeping each droplet to have a 

volume of ~1μL, with its diameter ranging from 1000 to 

1500μm. The movements of the droplets were captured and 

recorded by a high-speed camera (type GS3-U3-51S5C-C, 

FLIR), operating at 60 frames per second. 

Here two sinusoidal RF signals with the same amplitudes 

(Vpp) of 18V, the same frequency of 39.50MHz, as well as an 

excitation phase shift, θ, varying from 0° to 360°, were 

respectively applied to the two IDTs to actuate the droplets.  

Following that, the absolute values of the velocities of the 

droplets were extracted from the videos recorded and plotted in 

Fig. 6, with a variety of different values of θ being used. 

Photographs illustrating the movements of the actuated droplets 

are shown in both sides of Fig. 6. It can be seen that the droplet 

moved along the positive x-direction in the case of 0°<θ<180°, 

and verse versa, for 180°<θ<360°. In this way, it can be noted 

that a change in the direction of the droplets is possible  by 

adjusting the value of θ. 

 
Fig. 6. Absolute values of the velocities of the droplets and the theoretical curve 

for the 1/SWR. θ varies from 0° to 360°, in intervals of 10°, where f=39.50MHz, 

and Vpp=18V. The blue points represent the absolute values of the velocities, 

and the black lines denote the theoretical values of 1/SWR. Each average value 

of the velocity was obtained over four measurements being taken. Photographs 

of the movements of the actuation of the droplets in the positive x-direction 

when θ=110°, are shown on the left-hand side of this figure (with the time 

increasing from the top to the bottom of the set of photographs), while the 

droplets were driven in the negative x-direction when θ=250°, as shown on the 

right-hand side of the figure. 

As can be seen from Fig. 6, these values of the droplet 

velocities fit well with the theoretical curve. The TSAW 

components are too small to overcome the friction present when 

θ was programmed in the ranges of [0°, 30°] or [160°, 200°] or 

[350°, 360°] and as a result, the droplets could not be actuated. 

In addition, the actuated droplets reached their maximum 

velocities (which were 12.9mm/s and 13.9mm/s in their own 

directions), when θ was equal to 110° and 250°, respectively. 

Here the two values of θ which could theoretically form pure 

TSAWs, where the largest values of the traveling wave 

components were seen, are symmetric about π. Thus, it is 

possible to change the velocities of the droplets in the range 

from 2.8mm/s to 13.9mm/s by changing θ only.  

The experiments carried out have demonstrated that the 

velocity and the direction of the droplet can be adjusted by 

changing the value of one parameter, θ, only, using the Exciter- 

Exciter mode. However, when using the Exciter-Absorber 

mode, it was necessary to control the on-off and amplitude of 

the excitation signals of two IDTs respectively, in order to 

achieve the same purpose which was an adjustment of the 

velocity and direction of the droplets. Therefore, the Exciter- 

Exciter mode used here can improve the convenience of the 

manual adjustment and the programmability. 

C. Comparison of the velocity of droplets actuated in the 

Exciter-Exciter mode and the Exciter-Absorber mode 

As discussed in Section II, a larger amplitude of the pure 

TSAW can be formed (with the same input voltage) using the 

Exciter-Exciter mode proposed in this study, compared to the 

use of the Exciter-Absorber mode, as this can make the actuated 

droplet move more quickly. As was seen from the experimental 

results,  is equal to 70° when f is given by 39.50MHz, using 

the SAW device here excited in the Exciter- Exciter mode. Thus, 

it can be calculated that Zpure TSAW is equal to 1.88A0, which 

means, the maximum amplitude of the TSAW that can be 

excited under this condition is theoretically 1.88 times of the 

TSAW amplitude excited by the Exciter-Absorber mode. 

The relationships between the velocities and Vpp under these 

two modes were measured on the SAW device developed here, 

and results are shown in Fig. 7. Here each point represents the 

average value of the velocities of the droplet moving in the 

positive and negative x-directions. As can be seen in Fig. 7, the 

average velocities of the droplets actuated in the Exciter-Exciter 

mode reached 34.27mm/s (at Vpp equal to 24V), compared to 

values of only 19.94mm/s in the Exciter-Absorber mode. It can 

be concluded that the upper limits of the velocities of the 

droplets could be raised by 72% for this SAW device using the 

Exciter-Exciter mode.  

 
Fig. 7. Relationships between the average maximum velocities in the positive / 

negative directions and the input voltage, Vpp, in the Exciter-Absorber mode and 

Exciter-Exciter mode.  Vpp varies from 8V to 24V, in intervals of 2V, where 

f=39.50MHz. The points shown as diamonds represent the average values of 

the velocities of the droplets actuated in the Exciter-Absorber mode, and the 
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points shown as dots represent the average maximum values of the velocities of 

the droplets, actuated in the Exciter-Exciter mode. When using the Exciter-

Exciter mode, with the increase of the value of Vpp, the proportion of the 

remaining SSAWs decreases, and the vibration formed on the substrate was 

closer to that of the pure TSAW. As a result, the maximum velocities of the 

actuated droplets can be seen gradually to become greater than those in the 

Exciter-Absorber mode. 

As a result, an improvement in the velocity of the actuated 

droplet, when using the Exciter-Exciter mode has been seen. 

Thus when the actuated droplet cannot reach the velocity 

required by using the Exciter-Absorber mode (corresponding to 

the maximum output voltage of the SAW generator), this 

Exciter-Exciter mode can be used significantly to improve the 

upper limit of the velocity achieved by the actuated droplet. 

V. CONCLUSION 

In this paper, it has been reported for the first time that a 

mixture of Standing Surface Acoustic Waves (SSAWs) and 

Traveling Surface Acoustic Waves (TSAWs) can be excited on 

the substrate by using the Exciter-Exciter mode to actuate the 

droplets.  Specifically, the analytical expression for the acoustic 

Standing Wave Ratio (SWR), operating in the Exciter-Exciter 

mode, has been derived by the authors and given as a function 

of the excitation phase shift, θ, and the spatial phase difference.  

Following the theoretical analysis discussed, the excitation 

signals with the same amplitudes, frequencies but different 

phase shifts were applied to the two IDTs fabricated on a 

LiNbO3 substrate, to generate a mixture of TSAWs and SSAWs.  

Then a series of experiments was carried out to achieve the 

adjustment of the velocity and direction of the actuated droplets, 

by changing θ only. As a result, the actuated droplets reached 

their maximum velocity under the condition where, 

theoretically, pure TSAWs can be formed. The closer were the 

values of θ set to 0° or 180°, the slower would be the 

movements of the droplets. Here the droplets moved in the 

opposite directions when θ was set to be in the ranges of (0°, 

180°) and (180°, 360°). In addition, the experimental results of 

the comparative study carried out indicate that the upper limit 

of the velocity of the droplet actuated in the Exciter-Exciter 

mode was 72% higher than that in the Exciter-Absorber mode, 

when the input voltage reached 24V. 

These experimental results have demonstrated two 

advantages of the use of the Exciter-Exciter mode to actuate 

droplets, compared with the routinely used Exciter-Absorber 

mode, based on the SAW technology. These results emphasize 

that (1) the adjustment of the velocity and direction of the 

actuated droplets can be achieved by changing only one 

excitation parameter, allowing the greater convenience and 

programmability that is seen and (2) the velocity of the actuated 

droplets could be increased. Thus, this Exciter-Exciter mode 

approach has the potential to be a very useful alternative method 

to the routine Exciter-Absorber mode, and may further be 

applied to actuate micro-droplets in a range of biological and 

chemical applications, such as the on-chip PCR and for the 

merging of the sample droplets.  
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