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 4 

Abstract Optimization of the reusable microfluidic platform on surface acoustic wave (SAW) requires a clear 5 

understanding of the various factors that affects the acoustic energy transmission to the fluid in the 6 

microchannel. This article reports the characterization and analysis of the reusable SAW microfluidic platform. 7 

The acoustic energy transfer through various layers was characterized by the microfluidic mixing phenomenon. 8 

During this work, mixing efficiency was considered to evaluate the acoustic energy transmission. The three 9 

different parameters taken into consideration are the input voltage, SAW frequency and the coupling layer 10 

thickness. The effect of the factors on the output response is examined by conducting experimental studies and 11 

developing new analytical models. The acoustic wave was coupled through a liquid layer to a disposable 12 

superstrate. The anti-symmetric higher order lamb waves generated on thin glass plate generates compressional 13 

waves in the liquid to induce fluid motion. The acoustic energy delivered to the fluid increased as the square of 14 

the applied voltage and saturated at 50 V. The frequency response demonstrated a higher acoustic energy 15 

transmission for the 100MHz compared to the 50MHz, which was validated by numerical studies. Power 16 

transmitted through the coupling layer displayed a sinusoidal dependence on the normalized thickness of the 17 

layer. Finally, the effect of temperature is also considered to confirm the validity of the developed models.  18 

Keywords Surface acoustic wave; Disposable; Reusable; Micromixers;  19 
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1. Introduction  36 

 37 

Microfluidics allows manipulation of small volume of liquid  that is vital in various analytical steps on a Lab-38 

on-a-Chip (LOC) device, such as sample preparation, mixing, pumping and detection [1]. Various technologies 39 

including optics [2], magnetism [3], electrowetting [4],acoustics [5] and others allow microfluidic 40 

manipulations. Recently, there is increasing focus on surface acoustic wave (SAW) devices for microfluidic 41 

actuations[6] owing to its useful and unique features[7]. The SAW device is compact and inexpensive; SAW 42 

field is biocompatible and generates large force for fast fluidic actuation. Further, it provides contact free 43 

manipulation avoiding any potential contamination of fluids. SAW can also perform sensitive detection and 44 

allows integration with integrated circuits [8] .  45 

 46 

SAW has enabled various microfluidic technologies in open and closed channels including fluid mixing [9], 47 

fluid translation [10, 11], particle concentration [12]  and sorting [13], jetting and atomization [14]. The above 48 

applications are the results of interaction of the SAW with fluids. A recent review discussed the growing interest 49 



for using the disposable superstrates on the expensive piezoelectric substrates [7]. SAW coupling to a glass 50 

superstrate using water as a couplant was reported previously [15]. Disposable glass superstrate was also used to 51 

demonstrate droplet actuation using slanted finger interdigital transducer (IDT)[16]. Fluid couplant in SAW is 52 

further discussed in our paper. 53 

 54 

Mixing is an essential element on a LOC device, with applications in biochemical processes, drug-delivery and 55 

nucleic acid synthesis. However, in these instances, the flow in the micro-channels is laminar and mixing occurs 56 

only due to diffusion, which takes significantly longer time. Various passive and active micromixers have been 57 

reviewed [17]. Rapid mixing on liquid droplets using SAW as the primary force was demonstrated earlier by 58 

various groups [18-20]. The quantitative study relating the efficiency of the chaotic mixing process due to SAW 59 

for variations in the fluid viscosity and input power was also performed in a microfluidic well[21].The effect of 60 

SAW was used as a mixer in polydimethylsiloxane (PDMS) microchannel bonded to the lithium niobate 61 

(LiNbO3) substrate [22]. Mixing of water and beads in a Y shaped channel by SAW was also demonstrated at 62 

low Reynolds number [23]. The mixing behaviour is varied at different SAW frequencies [24]. When the 63 

channel length was larger than the wavelength of the sound at a particular frequency, transition from a uniform 64 

flow to mixing occurs. The recent work on SAW-based mixing is concentrated on liquid confined in a PDMS 65 

channel and bonded to the substrate using oxygen plasma [9]. Johansson et.al [25] used polydimethylsiloxane 66 

(PDMS) channels as superstrate for particle manipulations in continuous-flow microfluidic operation, and 67 

performed a detailed evaluation of the acoustic wave coupling mechanisms and distribution of acoustic nodes in 68 

the fluid relative to the channel walls for effective particle manipulations. A qualitative visualization of the 69 

effects of PDMS microchannel in the acoustic waves within the fluid is performed using finite element methods 70 

(FEM). Potentially, these studies will be leveraged for our future works. In our paper, we use mixing 71 

phenomenon to characterize the acoustic energy transfer through the various layers.  72 

The reusable platform consists of microchannel created on a polydimethylsiloxane (PDMS) bonded to a 73 

disposable superstrate (glass), and acoustically coupled to the piezoelectric substrate made the device reusable in 74 

different tests. The fluid motion in the microchannel is caused due to the higher order antisymmetric lamb wave 75 

modes generated on the glass superstrate, which acts a thin plate[15]. The antisymmetric mode with prominent 76 

transverse vibrations is coupled to the fluid in the microchannel causing fluid motion. A layer of water acting as 77 

an acoustic couplant and act as a matching layer between the glass and the SAW substrate. Mixing of water and 78 

beads in a Y shaped channel by SAW coupled to a disposable glass superstrate was also demonstrated at low 79 

Reynolds number [23] However, dependence of the mixing efficiency on the SAW frequency and coupling 80 

layers thickness has not been discussed in this study. Our paper focuses to characterize SAW transmission in 81 

liquid channel in a direct manner, which is through mixing. We established a novel mechanism for 82 

characterizing the SAW energy transmission in fluidic channels, which is essential for all the SAW 83 

microfluidics design, using a mixing structure. The main contribution of the paper comes from the discussion of 84 

the effect of thickness of coupling layer and frequency on the mixing efficiency in a Y-shaped microchannel and 85 

development of analytical models. The analytical models that are developed in this paper can be used to 86 

optimize the power transmission coefficient and hence increase mixing efficiency, which will be done in our 87 

subsequent works. The platform can be extended to other SAW based microfluidic applications. The decoupling 88 

of the expensive piezoelectric substrate with the microfluidic device enables lower cost and disposability. This 89 

makes the platform an ideal fit for the development of point of care clinical diagnostics[26], screening or 90 

analytical tests[27]. In future, we plan to demonstrate all microfluidics functions, e.g. mixing, sample 91 

preparation, pumping, and also replace PDMS with thermoplastics, to make the platform more economical. 92 

2. SAW design and fabrication 93 

 94 

2.1. SAW device design 95 

The anisotropic piezoelectric substrate used was a LiNbO3 wafer with the crystal cut rotated 128 around the Y-96 

axis. A double-electrode transducer  was used to reduce the inter-finger reflection and improve its performance 97 



[28]. ANSYS transient simulation was used to determine the design specifications of the IDT for the frequencies 98 

of 50 MHz and 100 MHz as shown in Table 1. 99 

Table 1: SAW design parameters 100 

Parameter 
Value 

50 MHz 100 MHz 

IDT pitch (λ/8)-μm 9.7 4.765 

Number of IDT pairs 50 50 

IDT thickness-μm 0.15 0.15 

Aperture-mm 4 3 

 101 

A 2-dimensional model shown in Fig. 1 was generated from the simulation results. Several assumptions  102 

reported in a previous work [29] were made.  103 

The IDT widths were designed by observing the amplitude waveforms across the length of the device. For the 104 

exact IDT width, the transient signal waveform increased periodically in amplitude corresponding to the number 105 

of IDT pairs before stabilising to constant amplitude as shown in Fig. 2. 106 

 107 

Fig. 1 2D finite element model, used to simulate the SAW and determine the IDT width for a particular frequency. The blue 108 
and the green colours denote the dampers used to cancel the reflections of the acoustic wave from the edges. The red region 109 
represents the piezoelectric substrate. The magnified view from the surface shows the IDT. The surface of the substrate has 110 
higher meshing density as compared to the bulk. 111 

In order to reduce the computation time, only ten pairs of IDTs were used in this model. Simulation was also 112 

done to study the effect of increasing pairs of IDT, only an increase in the magnitude of the SAW amplitude was 113 

observed, validating our reduced model for finding the IDT width. 114 

 115 
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 116 
Fig. 2 Transient simulation waveform for a SAW model with ten pairs of IDT (the reduced number of IDT pairs only 117 

affected the magnitude of the wave). The amplitude increased until a period of ten corresponding to the number of IDTs 118 

before stabilising at constant amplitude. 119 

 120 



2.2. SAW device fabrication 121 

The fabrication process of the SAW device begins with a layer of aluminium patterned (thickness of 300 nm) on 122 

the 128
0
 rotated Y cut LiNbO3 substrate using a positive photoresist to form the IDT. After patterning and 123 

stripping of the photoresist, the gold of thickness 1.5 μm was then sputtered to create the metal pads for the 124 

contacts. To protect the IDT from oxidation, an additional layer of AZ-4620 photoresist was deposited by 125 

evaporation, for a thickness of 0.8 μm, except in the SAW propagation area. The final fabricated device is 126 

shown in Fig. 3. 127 

 128 

Fig. 3 Fabricated SAW devices at frequency of 50 MHz. The yellow regions show the gold pads and the fine lines show the 129 
IDTs. 130 

2.3. SAW device characterization 131 

The centre frequency of the fabricated device was characterized using the network analyser. Maximum acoustic 132 

power was generated from the SAW device at this frequency.  133 

(a) (b) 134 

Fig. 4 Measured S11 using the network analyser for the two devices at frequencies (a) 50.5 MHz and (b) 103 MHz. The 135 
devices were designed for 50 MHz and 100 MHz respectively. 136 

The tolerance of the IDT width was 2% and 4% for the devices working at frequencies of 50 MHz and 100 MHz 137 

respectively. This could be induced by the photomask fabrication and photolithographic process, which in turn 138 

caused variance to the centre frequency. Fig. 4 shows the S11 (reflection coefficient) for the fabricated devices, 139 

which achieved -20dB at ~50 MHz and -8dB at ~100 MHz. 140 

2.4. Micromixer design 141 

Fig. 5 shows the schematic of the reusable micromixing platform. The SAW was transmitted from the 142 

piezoelectric substrate through a coupling layer of water and a glass superstrate into the fluid flowing through 143 
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the microchannel. A Y shaped microchannel made of PDMS enclosed the fluid.  A  reservoir was specially 144 

designed  to hold the water couplant.  145 

 146 

 147 

Fig. 5 Reusable SAW mixing schematic. The acoustic wave generated on lithium niobate (LiNbO3) was transmitted through 148 
a coupling layer of water into the microchannel made of PDMS bonded to glass. The mixing channel has a width of 1.15mm 149 
and a height of 200μm. 150 

3. Experimental setup 151 

The electrical signal was generated from a pulsed RF power amplifier, as a high voltage (>30 V) was required 152 

for mixing to take place. The pulsed RF input was generated using the Tektronix AFG3252 arbitrary function 153 

generator. A pulsed RF signal with a period of Tp of 5 ms and TON (duration for which the signal is turned on) of 154 

1 ms was generated. The output signal from the function generator has amplitude in the range of 100-200 mV. 155 

This was channelled to a pulsed power amplifier (TOMCO) which has a power gain of 60 dB. The output from 156 

the pulsed power amplifier provided the input to the SAW device.  157 

The mixing effect due to the SAW disturbance was visualized using CMOS video camera (INFINITY1). Two 158 

dyes of red and green colours were introduced into the microchannel at a flow rate of 1 μL/min. The flow rate 159 

was controlled by syringe pumps (NE-1600, New Era, USA).  160 

 161 
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(a) 163 



1 mm

 164 
(b) 165 

1 mm

 166 
(c) 167 

Fig. 6 Images of the SAW mixing experiment (a) unmixed liquids at the beginning of the experiment, (b) liquids mixed 168 
using SAW (c) Homogenously mixed liquids where the two dyes were mixed externally to form the homogenously mixed 169 
solution. 170 

By virtue of the laminar nature of the flow, the two liquids initially flowed separately without significant mixing 171 

as seen in Fig. 6(a).  Upon initializing the SAW, mixing occurred between the two streams of liquid, as shown 172 

in Fig. 6(b). The two dyes were then homogenously mixed laterally. It was then flowed through the 173 

microchannel as shown in Fig 6(c). This was representative of the completely mixed state. The region of interest 174 

(ROI) was selected to be within the SAW aperture region, shown in Fig. 6(a).  175 

 176 

The mixing efficiency(σ) was calculated by extracting the pixel intensities Iunmix before mixing, Ii obtained with 177 

the acoustic wave induced mixing and Imix after complete mixing [30] as follows: 178 

 179 

N

2

i

i 1

1
1

N 

              (1) 180 

Where i m ix

i
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 and N is the total number of pixels. 181 

The value of σ varies from zero for non-mixing to one for complete mixing. Please note that during the mixing 182 

test, the experimental setup (mixing platform and the channel placement) remain unchanged. 183 

4. Results and discussions 184 

 185 



To calculate the efficiency using Eq. 1,  the pixel values (corresponding to the intensity) was extracted using the 186 

ImageJ software [31].  An average of 20,000 pixels (N in Eq. 1) in the ROI was used to calculate the efficiency. 187 

4.1. Transient behaviour of mixing 188 

Fig. 7 shows the transient response of the mixing phenomena. The increase in mixing efficiency can be observed 189 

immediately before saturating at a value, dependent on the voltage level. 190 

 191 

Fig. 7 Transient mixing phenomena. The mixing achieved saturation within 1.5 s. 192 

The experimental result demonstrated that the mixing behaviour saturated within a time of 1.5 seconds. 70% 193 

efficiency at a voltage input of 45 V was obtained in 1.5 s. Hence, in this study, a time of 1.5 s was considered 194 

for the SAW based mixed state. 195 

4.2.  Effect of voltage on mixing 196 

To examine further the influence of voltage on mixing, the voltage was varied from 20 V to 60 V. The mixing 197 

efficiency was calculated at each voltage step. Fig. 8 shows the mixing efficiency with different voltage for the 198 

device working at 50 MHz. Maximum efficiency of 80% was attained with an input voltage of 50 V. The 199 

mixing efficiency graph demonstrated two trends with increasing voltages. At lower voltages, the mixing 200 

efficiency increased with voltage rapidly following a second order polynomial response. At higher voltages 201 

(around 50 V), the mixing efficiency became saturated.  202 

The interaction of the acoustic wave with fluid generates acoustic streaming [32]. As the wave is applied in a 203 

direction perpendicular to the liquid flow direction, acoustic streaming forces a mass movement in an 204 

orthogonal direction of flow and thus rapidly induces mixing. Acoustic streaming is a nonlinear second order 205 

phenomenon. As reported by Nguyen and White [33],  the acoustic streaming velocity is proportional to the 206 

square of the applied voltage. Mixing efficiency, which is proportional to the acoustic streaming velocity, thus 207 

increases with the square of the voltage. The experiment observation obtained is in line with this trend. At 208 

higher voltages, the nonlinearity of the acoustic field in the fluid causes the saturation of the acoustic streaming 209 

velocity [34, 35]. In this study, the mixing efficiency saturated beyond a certain applied voltage (50 V) which 210 

follows prior research findings closely.  211 

Due to saturation in the level of mixing, the input power need not be increased beyond 50 V. Any further 212 

increase would reduce the power conversion efficiency. 213 
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 214 

Fig. 8 Mixing efficiency as a function of voltage. The error bars show the mixing efficiency variation from the mean value. 215 

The solid lines shows a second order polynomial fit for voltages less than 50 V and thereafter saturating for higher voltages. 216 

4.3. Effect of coupling layer thickness on mixing efficiency 217 

 218 

The acoustic mixing efficiency is dependent on the thickness of the coupling layer. The effect of varying 219 

thickness on the efficiency was examined experimentally. Fig. 10 shows the experimental observation that 220 

indicates, a larger coupling layer thickness gives rise to a higher mixing efficiency. 221 

 222 

 223 
Fig. 9 Wave transmission through the various layers. Ai and Bi represents the transmitted wave and reflected wave amplitude 224 
at each layers. The terms in red denotes the incident (A1) and transmitted waves (A2,A3). The reflected waves (B1, B2) are 225 
represented in green. The exponential part shows the phase dependence of the wave on the acoustic wave frequency (ω) and 226 
wavenumber (K). 227 

The acoustic impedance of the coupling layer prevents total reflection of the incoming wave from the LiNbO3 228 

substrate. The wave diffracts into the water coupling layer from the SAW device at an angle of 22.1
0
. However, 229 

on passing through the coupling layer of certain thickness (L), the wave gets attenuated [36]. Fig. 9 shows the 230 

wave amplitude through the various layers to determine the power transmission coefficient (Tr). The power 231 

transmission coefficient can be calculated from [37] : 232 

 233 

2 2 2 2 2

r 1 3 1 3 2 3 1 2 2 1 3
T 4 r ( r 1) 1 ( r 1)( r 1) (s in k L ) ( r 1)      

 
      (2) 234 

 235 

With 
i j j j i i

r c c   , where ρc represents the characteristic acoustic impedance with c and ρ denoting the wave 236 

velocity and the density respectively in the medium. 237 

L in Eq. 2 denotes the coupling layer thickness. The parameter of Eq. 2, other than the sinusoidal function 238 

remains unchanged for the experiment. The power transmission coefficient (Tr) is directly proportional to the 239 



square of the sinusoidal function. For the operating frequency of 50 MHz, the square of sine function gives 240 

values of 8.6x10
-8 

, 0.71 and 0.75 for the coupling layers of thicknesses 0.6 mm, 0.7 mm and 0.8 mm 241 

respectively. Thus, Tr increases for thicknesses in the order of 0.8 mm, 0.7 mm and 0.6 mm. 242 

 243 
Fig. 10 Mixing efficiency as a function of coupling layer thickness 244 

 245 

The experimental results shown in Fig. 10 thus confirm the theoretical model. An optimum coupling layer 246 

thickness can be designed to reduce the attenuation. 247 

4.4. Effect of frequency on mixing 248 

 249 

The SAW devices designed for frequencies of 50 MHz and 100 MHz were used to study the effect of frequency 250 

on the mixing efficiency. A coupling layer thickness of 1 mm was used for the experiment. 251 

 252 
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Fig. 11 Mixing efficiency obtained for SAW devices at 50 MHz and 100 MHz. 254 

As observed experimentally and shown in Fig. 11, the SAW device working at 100 MHz has a higher mixing 255 

efficiency than 50 MHz at lower voltages. However, at higher voltages, the mixing efficiency reaches a 256 

maximum as mentioned in the effect of voltage, and both the devices deliver quite similar mixing efficiency.  257 

The analysis for the effect of frequency is twofold: SAW power (Ps) is generated on the substrate at different 258 

frequencies and delivered into the fluid through the various transmission layers. The power generated by the 259 

transducer is given by [38]:  260 

2

s a
P G V 2            (3) 261 

where, Ga is the IDT conductance and V is the applied electrical potential. As the IDT is bidirectional, only half 262 

of the wave power is delivered into the microfluidic chip. Ga is proportional to the frequency and the aperture of 263 

the IDT. The power generated by the transducer for the two frequencies is: 264 
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s s
P (5 0 M H z ) 0 .5 3 3P (1 0 0 M H z )          (4) 265 

 266 

The acoustic wave generated passes through the various layers before it reaches the microchannel as shown in 267 

Fig 12. As the wave passes through the thin water layer, it undergoes an attenuation of 0.55 dB and 2.3 dB for 268 

the 50 MHz and 100 MHz devices respectively. The longitudinal wave generated in the fluid reaches the water-269 

glass (bottom) interface at an incident angle (θW) of 22.1. The compressional waves from water generate lamb 270 

waves in the thin glass plate of thickness 0.15mm. As discussed previously by Hodgson et al[15], higher order 271 

antisymmetric waves are generated on the glass plate. The dispersion curve for glass [39, 40] shows that at a 272 

frequency of 50MHz A1 mode is excited. The 100 MHz incident acoustic wave excites the A1,S1 and A2 lamb 273 

wave modes. For the excited modes, the phase velocity of the normal wave is less than the velocity of the 274 

longitudinal waves c (5960 m/s) and close to the transverse velocity b (3200 m/s) in the plates. The 275 

displacements for mode An in this case are[41]: 276 

 277 

n2 2

1

n2 2

2

x s in h ( k x )1
u ( n ) A s in ( 2 n 1) 2 ( 1)

2 h 2 h s in h ( k h )
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2 h k h s in h ( k h )

   
        

  

  
       

  

        (5) 278 

 279 

where u1 and u2 are the longitudinal and vertical (transverse) components of the mechanical displacements. The 280 

plate thickness along the x2 direction is equal to 2h and n represents the mode number. Computation of the 281 

transverse component of displacement (u2) on the surface of the plate (x2=h) shows that the magnitude of second 282 

order mode (A2) is about three times the magnitude of the first order mode (A1). The second order mode excited 283 

in the 100MHz excitation generates larger displacement, consequently improves mixing efficiency. The sound 284 

wave transmitted through the glass plate placed between two liquid media, can also be analysed quantitatively 285 

by the Eq 6 obtained from Brekhovskikh[42]:  286 

 287 
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 289 

where 
2 2

K ,   are the wavenumbers of the acoustic wave for the longitudinal and transverse component 290 

respectively in glass;
2 2 t 1

Z , Z , Z  denotes the acoustic impedance for the longitudinal, transverse wave in glass, 291 

and the compressional wave in water respectively;
2 2

,   are the angle of incidence for the longitudinal and 292 

transverse wave in glass. The longitudinal wave in glass undergoes total internal reflection and the wave only 293 

resides on the surface. The angle of incidence of the longitudinal wave is represented in the complex form. We 294 

set 
2

/ 2 i     , with 0 .9 5 7 9  , using this s in co sh    , co s i s in h    . The transmission coefficient 295 

(power-
2

W ) for the 50MHz and 100MHz acoustic wave is 0.155 (-8dB) and 0.2916 (-5.35dB) respectively. 296 

The quantitative results align with the qualitative results obtained above, with the 100MHz excitation conveying 297 

larger power to the fluid above compared to the 50MHz acoustic wave excitation. From the reflection 298 

coefficient of the device shown in Fig. 4, the 50 MHz and 100 MHz devices have a reflection coefficient of 299 

0.794% and 15% respectively, Thus, the transmission coefficient for the two devices are -0.034 dB and -0.71 300 

dB. There is an additional reduction of power by -3.01 dB due to the bidirectional nature of the IDTs. Hence, 301 

summing up the various losses, the total coupling attenuation of power was 11.594dB and 11.37dB for the 50 302 

MHz and 100 MHz device respectively. The transmitted power is equal to the generated power by the SAW 303 



device minus the attenuated power through various layers. Thus, the numerical computation shows that the 304 

power transmitted by the 100 MHz device was higher than the 50 MHz device. 305 

Higher order antisymmetric 
lamb waves in glass

Leaky Rayleigh wave in LiNbO3 on contact with liquid

22.10

53.40 Pt-glass

Pl-fluid

Pl-water

PRayl

(1)

(2)

(3)

(4)

 306 
 307 

Fig. 12 Acoustic Wave transmission through the various layers, showing the waves and its refracting angles at each layer. 308 
Medium 1, 2, 3 and 4 are the piezoelectric lithium niobate substrate, water coupling layer, glass and fluid within the 309 
microchannel respectively. Pl-water represents the longitudinal wave in water, at an incident angle of 22.10; Pt-glass is the 310 
transverse wave in glass with a transmission angle of 53.40, the longitudinal component undergoes total internal reflection 311 
and will have the character of surface waves. 312 

4.5. Acoustic heating 313 

 314 

Temperature rise changes the acoustic impedance of various layers and can hinder the model presented in Sec 315 

4.3 for calculating the power transmission coefficient. To justify the validity of the model, we performed the 316 

following experiment to measure the temperature.  Temperature was recorded at the LiNbO3 surface for a time-317 

period of 20 seconds using a Fluke DT-610B thermometer.  318 

Centre line of the SAW 
aperture

1mm

4 mm

8 mm

15 mm

 319 

Fig. 13 Positions along the SAW device for measuring the temperature. Three points were chosen along the centre line of the 320 
SAW aperture at distance of 1mm (P1), 5 mm (P2) and 13 mm (P3) from the IDT. 321 

The observation points (P1, P2 and P3) were chosen along the centre line of the SAW aperture as shown in Fig 322 

13. Different Voltages (25V, 35V and 45V) were also applied for the experiment. 323 

 324 
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 325 
Fig. 14 Temperature measured for a time period of 20 sec with different voltages (25V, 55V and 45V) at various positions as 326 
indicated on Fig 14. The inset shows the magnified view of the graph for a time-period of 2 sec 327 

Fig. 14 shows the experimental results for a period of 20 s. It indicates that for a time period of 20 s, the 328 

temperature rises only from 24.35
0
 C to 39.05

0
 C (corresponding to 45V and position P1). The mixing efficiency 329 

in our experiment was calculated at 1.5 s. The temperature rises by a maximum of 0.8
0
C (24.35

0
C to 25.15

0
C) 330 

for the period of 1.5 s, as shown in Fig. 14. Considering the dependence of the velocity of sound in water [43] 331 

and density [44] as a function of temperature, a 0.16% change in the acoustic impedance is obtained. This 332 

temperature rise is considered negligible and is unlikely to cause a substantial amount of shift in the acoustic 333 

impedance. Hence, the Kinsler approximation model discussed in Sec 4.3 is appropriate. The temperature 334 

increase is also not substantial to cause any heating of the liquid. 335 

 336 

5. Conclusion 337 

This article reports the design, fabrication and characterization of a reusable microfluidic platform using SAW 338 

device. The Y-shaped microchannel was made from PDMS and bonded to a glass superstrate. It was then 339 

coupled to the SAW generated on the LiNbO3 substrate using water as an acoustic coupling layer. The platform 340 

was characterized using microfluidic mixing phenomenon. Two dye solutions were introduced into the 341 

microchannel and mixing efficiency was calculated. Mixing efficiency of 80% was obtained within 1.5 s for an 342 

input signal of 50 V. Experiment was conducted with varying coupling layer thickness to find the optimal 343 

thickness for maximum acoustic energy transmission. An analytical model formulated to predict the behaviour 344 

for different thicknesses substantiates the experimental findings. Two devices working at frequencies of 50 MHz 345 

and 100 MHz were used to study the acoustic energy transmissions at different frequencies. The experimental 346 

result shows that the power transmission was higher for the 100 MHz as compared to the 50 MHz. The 347 

numerical value obtained from the analytical model confirms this behaviour. The results obtained provide useful 348 

design guidance for the selection of voltages, frequencies and the thickness of couplant layers for improving the 349 

acoustic energy transfer for various microfluidic manipulations. 350 
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