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Topological insulators as new emerging building blocks in electronics and photonics 

have presented promising prospects for exciting surface plasmons and enhancing 

light-matter interaction. Exploring the visible range plasmonic response of topological 

insulator family members is of great importance for revealing the optical 

characteristics of topological insulators and broadening their significant applications at 

high frequencies. Here, we firstly, to the best of our knowledge, demonstrate the 

surface plasmon resonance (SPR) effect on the antimony telluride (Sb2Te3) topological 

insulator film. The results show that the SPR can be excited with the relatively small 

incident angle in the Kretschmann configuration based on the Sb2Te3 film with the 

metal-like surface state at visible frequencies. Especially, we develop an impactful 

digital holographic imaging system based on the topological insulator SPR and realize 

the dynamic monitoring of refractive index variation. Compared with the traditional 

SPR, the Sb2Te3-based SPR possesses broader measurement range. Our findings will 

open up a new avenue for exploring optical physics and practical applications of 

topological insulators, such as environmental and biochemical sensing. 
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Surface plasmons (SPs), light-driven oscillation of free electrons along the 

conductor-dielectric interface, play a crucial role in current development of optical physics 

and functional devices due to the remarkable capabilities of confining light at the 

subwavelength scale, enhancing the near-field intensity, and overcoming the diffraction limit 

of light.[1-14] Over the past two decades, numerous unusual optical phenomena were observed 

in metal-based plasmonic systems, such as extraordinary optical transmission,[15] plasmonic 

guiding,[3] plasmonic resonance, [16] Optically-triggered memory effect,[6] meta-holography,[7] 

Raman scattering,[8] optical activity,[9] nonlinear enhancement,[10,17] plasmonic trapping,[11] 

phase manipulation,[18] plasmon-induced transparency,[19, 20] quantum plasmonics,[21] and 

plasmonic focusing.[22,23] Based on these plasmonic responses, a large number of optical 

functionalities were proposed and investigated, for example nanolasers,[12, 24] holographic 

imaging,[13] optical detection,[14] perfect absorber,[25] all-optical switches,[26] color display,[27] 

optical modulation,[28] enhanced Raman spectroscopy,[29] and highly sensitive sensing.[30] 

Recently, the new emerging nanomaterials provide exciting opportunities for the development 

of plasmonics and related technologies.[31] After graphene was successfully exfoliated from 

graphite, this single-atomic-layer material significantly extended the operating range of 

plasmonics from the visible/near-infrared to the mid-infrared/terahertz.[32-37] The strong light 

confinement and flexible tunability make graphene plasmonics a promising candidate for the 

realization of optical devices.[34,35] The plasmonic activities were also observed in 

molybdenum disulfide [38] and black phosphorus.[39,40] Quite recently, the topological 

insulators as new building blocks in electrics and photonics have attracted particular 

attentions in the field of plasmonics due to the topologically protected metallic surface state 
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caused by the strong spin-orbit coupling in a ultra-broad range from the ultraviolet to the 

terahertz.[41-50] Until now, the topological insulator materials containing Bi2Se3,[41,42] 

Bi2Te3,[43,44] and Bi1.5Sb0.5Te1.8Se1.2
[45,46] have experimentally exhibited exciting plasmonic 

behaviors in an ultrabroad region from the ultraviolet to the terahertz. Lupi et al. 

demonstrated the plasmonic excitation and magnetoplasmons from the microribbon arrays of 

Bi2Se3 topological insulator at terahertz frequencies. [41,42] By using SNOM, Bao et al. 

achieved the mid-infrared plasmonic response in the Bi2Se3 nanosheets.[44] Zheludev et al., for 

the first time, reported the exciting plasmonic response at visible frequencies in the structures 

based on the topological insulator Bi1.5Sb0.5Te1.8Se1.2.[45-47] Especially, they observed near-field 

visible plasmon excitation in the Bi1.5Sb0.5Te1.8Se1.2 nanodisk and nanoflake by using 

scattering-type scanning near-field optical microscope (s-SNOM).[46] Loh et al. observed the 

visible surface plasmon polariton modes in single Bi2Te3 nanoplate via transmission electron 

microscopy-based electron energyloss spectroscopy/cathodoluminescence spectroscopy.[43] 

Subsequently, Yue et al. demonstrated the visible plasmonic resonance and backward light 

scattering was observed in the Bi1.5Sb0.5Te1.8Se1.2 nanocone arrays.[48] The high-frequency 

plasmonic response in visible region makes topological insulators integratable with photonics 

and electronics, enabling the realization of novel optical and optoelectrical functionalities, 

such as enhanced photoluminescence and energy harvesting. [48,50] Even so, plasmonic 

behaviors in another primary topological insulator Sb2Te3 have rarely been reported. 

Here, we firstly report the visible-range plasmonic resonance in the nanofilm 

structure based on the Sb2Te3 topological insulator. Both the experimental and theoretical 

results demonstrate that the surface plasmon resonance (SPR) can be effectively excited on 
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the Sb2Te3 film in the simple Kretschmann configuration with the relatively small angle at 

visible frequencies. Moreover, we innovationally combine a developed digital holographic 

imaging system with the topological insulator-based SPR and achieve the dynamic 

monitoring of near-field refractive index variation. Compared with the traditional metal-based 

SPR, the Sb2Te3-based SPR presents broader measurement range. These results will open a 

new door for the investigation of fundamental science and applications of topological 

insulators in photonics, plasmonics, and optoelectronics. 

The material Sb2Te3 employed in the experiments has been confirmed as a primary 

family member of topological insulators.[51] As shown in Figure 1a, the Sb2Te3 thin film is 

grown on the uniform glass substrate employing the atomic layer deposition (ALD) method 

(see details in the Experimental Section). From Figure 2a, we can see that the Sb2Te3 film 

deposited by ALD on the glass maintains good continuity over a relatively large area and 

possesses good flatness on the micrometer scale. The Sb2Te3 film is deposited as 50 nm 

thickness, which can be verified by the characterization results, as shown in Figure 2b. As 

depicted in Figure 2c, the Raman shift spectrum of Sb2Te3 film possesses the obvious E
2 

g  

peak at 122 cm-1 and A
2 

1g peak at 141 cm-1, which agrees well with the previous results.[52,53] 

The Raman spectrum confirms the Sb2Te3 stoichiometry of the film.[52] The chemical 

composition of the film is confirmed as the Sb and Te elements by the energy-dispersive 

X-ray spectroscopy (EDS) measurement, as shown in Figure 2d. The grown Sb2Te3 material 

possesses good crystalline character, which can be confirmed by X-ray diffraction (XRD) 

measurement (Supporting Information). The optical parameters of the Sb2Te3 topological 

insulator can be measured by the spectroscopic ellipsometer. As depicted in the inset of 
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Figure 1b, the topological insulator hold metallic surface state and insulating bulk state, 

which demonstrate different optical properties. [45,52] The dielectric constants of the surface 

and bulk layers (εs and εb) can be fitted by the Drude and Tauc-Lorentz models in the 

experimental measurement, respectively (Supporting information).[45] Figure 1b depicts the 

wavelength-dependent dielectric dispersion of the surface and bulk layers achieved using the 

fitted parameters. The real part of dielectric constant for the surface layer represents negative 

value (εs’<0) in the visible region. This property similar to the noble metals (e.g. gold and 

silver) denotes that the surface layer of Sb2Te3 topological insulator is able to support the SPs 

at visible wavelengths.[1-3] For the bulk layer, the real part of dielectric constant is negative 

(εb’<0) when the wavelength is less than 553 nm, while positive (εb’>0) at the long 

wavelengths. Thus, the bulk layer of the Sb2Te3 can be regarded as an insulator at the long 

wavelength in the visible region. In Figure 1b, the total dielectric constant measured by the 

spectroscopic ellipsometer possesses the negative real part in the entire visible region,[54] 

which illustrates that the Sb2Te3 will remain the metal-like feature at visible wavelengths. The 

imagery part of Sb2Te3 dielectric constant can be seen in Supporting Information. 

The Kretschmann configuration provides a simple and valid method for excitation of 

SPs.[55] When the incident light satisfies the wavevector matching condition with SPs, It will 

strongly couple with SPs via the evanescent field and generate the SPR on the metal film. The 

reflection spectrum will form a distinct dip at the SPR excitation wavelength or angle. We 

establish an optical path to experimentally demonstrate the generation of the SPR supported 

by the Sb2Te3 thin film. As depicted in Figure 3a, the experimental setup contains the laser 

source, optical fiber coupler (OFC), expanding lens (EL), aperture stop (AS), collimator lens 
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(CL), linear polarizer (LP), rectangular prism (RP), and photodiode-based detector. The OFC, 

EL, AS, and CL are used to collimate the monochromatic beam from the visible laser source. 

The AS and LP enable to control the size and polarization state of the incident light beam, 

respectively. The glass slide is adhered to the RP (K9 glass) using the refractive index 

matching liquid (Cargille Laboratories, n=1.516). The detector is employed to record the 

power of reflected light from the Sb2Te3 thin film. The light reflection at different incident 

angles can be measured by rotating the RP placed on a rotator. As depicted in the inset of 

Figure 3a, θe and θi stand for the external and internal incident angles, respectively. 

Figure 3b depicts the experiment results of the incident angle-dependent reflection from 

the Kretschmann configuration with the Sb2Te3 thin film. It shows that the p-polarized light 

beams with wavelengths of 632.8 and 640 nm present the distinct reflection dips at θe≈39.5o 

and 38.8o, respectively. However, the reflection is insensitive to the incident angle for the 

s-polarized light (Supporting Information). Thus, the reflection dips for p-polarized light can 

be attributed to the excitation of the SPR on the surface of Sb2Te3 thin film at these 

wavelengths. To verify it, we theoretically calculate the SPR dispersion characteristic of the 

Sb2Te3 thin film in the visible region (see Experimental Section). As shown in Figure 3c, the 

angle of SPR excitation monotonically decreases with increasing the operating wavelength. 

The theoretical calculations are basically consistent with the experiment results. To further 

clarify the SPR excitation, we numerically simulate the electric field distribution in the Sb2Te3 

film structure by the finite-difference time-domain method (see Experimental Section). As 

depicted in the inset of Figure 3c, the p-polarized incident light with a wavelength of 640 nm 

simulates a distinct SPR on the Sb2Te3 thin film at the excitation angle. It is worth noting that 
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the Sb2Te3-based SPR exhibits the strong field penetration in air, which contributes to the 

effective sensing of surrounding environment. Moreover, we find that the SPR excitation 

angle of the Sb2Te3 thin film is relatively small, compared with that of traditional metal-based 

SPR (Supporting Information). The SPR response is capable of particular applications in 

refractive index sensing, monitoring and measurement due to the high surface sensitivity.[56-59] 

However, the traditional SPR in Kretschmann configurations suffers from the large incident 

angle, resulting in the limited testing range for specimens. The Sb2Te3-based SPR could offer 

a feasible avenue to solve this problem and facilitate the detection of environmental refractive 

index with a smaller angle or broader measuring range (Supporting Information). This feature 

will promote the potential of topological insulator plasmonics in practical applications on 

biochemical and environmental sensing. For example, the SPR reflection intensity or phase 

will change with the alternation of environmental refractive index on the topological insulator 

film, contributing to the detection of DNA, chemical contaminants, gases, and so on.[60] The 

topological insulators can find crucial applications in photothermal conversion.[61] The 

plasmonic response in the topological insulators enables the enhancement of photothermal 

conversion.[62] The surface properties of this topological insulator may provide another 

pathway for the relatively new optical physics, especially Fano resonance,[63] 

plasmon-induced transparency,[64] Klein tunneling,[65] and twisted Ruderman-Kittel-Kasuya- 

Yosida (RKKY) interaction.[66] 

The SPR-based sensing in the Kretschmann configuration is mainly derived from the 

alteration of reflection intensity with changing the refractive index of the specimen. Actually, 

the reflection phase change can also play a crucial role in the optical sensing.[58] Fortunately, 
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DH can simultaneously provide the intensity and phase information of the specimens with the 

advantages of dynamic and non-intrusive measurement.[59,67] The SPR-based DH enables to 

measure the near-field refractive index distribution of the specimen from the hologram 

recorded in the far field.[59] In DH, the intensity and phase information of the tested specimen 

are obtained with the angular spectrum reconstruction method (Supporting Information). 

Based on the principle of double-exposure holographic interferometry (Supporting 

Information), the phase differences of reconstructed object waves and intensity ratios at 

different time t can be calculated (see Experimental Section). More specifically, the phase 

difference can be expressed as ΔϕOt =ϕOt-ϕO0=arg(Ot/O0), where ϕOt and ϕO0 stand for the phase 

distributions of object waves at time t and the start time (t=0), respectively. Ot and O0 are the 

reconstructed object waves at time t and reference object wave at the start time, respectively. 

The intensity ratio (reflection) can be calculated using the formula IRt=|Ot/O0|2. 

Here, we innovatively introduce the topological insulator-based SPR with DH to achieve 

the real-time monitoring of the refractive index variation. Figure 4 depicts a simple and 

compact experimental setup to realize the SPR holographic imaging for the dynamic detection 

of refractive index variation of an ethanol-water mixture. For the ethanol-water mixture, the 

ratio of pure ethanol and deionized water is set as 1:1. Thus, the refractive index of the 

mixture will change from 1.350 to 1.331 when the ethanol volatilizes at room temperature. As 

shown in Figure 3a, we employ the Wollaston prism (WP), LP, and CCD to replace the 

detector for building up a robust common-path digital holographic imaging system. The laser 

beam with 640 nm wavelength and 45o polarization obliquely impinges in the Kretschmann 

configuration. When the specimen (mixture droplet) is injected on the Sb2Te3 film (Figure 4, 
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upper-right), the SPR will be generated when the laser beam is incident at a specific angle. 

The reflected light containing the specimen information is projected on the CCD camera after 

passing through the WP and LP. The s- and p-polarized components of the reflected light 

beam are split with a small angle by the WP for recording off-axis holograms (Figure 4, 

lower-right). The p-polarized component can couple with the SPR on the Sb2Te3 film, which 

is sensitive to the refractive index variation of injected droplet. However, the s-polarized 

component is unable to carry the information of the object (droplet) due to the forbidden SPR 

excitation. Thus, the s- and p-polarized components can be respectively treated as the 

reference and object waves, as shown in Figure 1a. The two split light beams will possess the 

same polarization state after passing the LP and interfere with each other on the CCD target 

plane to form the holograms. We can control the beam size of incident light by adjusting the 

AS and achieve the full-view hologram of the specimen. 

Generally, the incident laser beam should be fixed near the SPR excitation angle for 

high-sensitivity measurement of refractive index variation. To select a proper incident angle, 

we inject a deionized water droplet on the Sb2Te3 film and measure the angle-dependent 

reflection of light beam (640 nm) using the experimental setup in Figure 3a. The results in 

Figure 5a show that the SPR excitation angle θe localizes around 67.5o for the water droplet, 

which corresponds to the internal angle θi of 59.6o. This angle is much smaller than the 

internal SPR angle of ~70o in the gold-based Kretschmann configurations, contributing to the 

reduction of distortion for holographic images.[59,67] The SPR angle sensitivity can be defined 

as Sθ=dθe/dn. The angle sensitivity of Sb2Te3-based SPR is estimated as 88.5o/RIU, which is 

about 1.3 (2.4) fold larger than that of traditional silver (gold)-based SPR systems.[57] To 
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achieve the real-time monitoring of the refractive index variation, we set the incident angle θe 

as 71.3o (θi=62o) for the SPR excitation on the Sb2Te3 film with the mixture droplet. One 

thousand of holograms are successively recorded with a time interval of 3 s when the mixture 

volatilizes to pure water. Through the numerical reconstruction, we simultaneously obtain the 

intensity- and phase-contrast holographic images from the holograms for the mixture droplet. 

As depicted in Figure 5b, the normalized reflection increases rapidly before 600 s and 

becomes relatively flat afterwards. It is reasonable that the ethanol in the mixture quickly 

volatilizes in the preceding stage, and then slowly disappears. The intensity sensitivity of the 

Sb2Te3-based SPR can be defined as Sr=dR/dn. The intensity sensitivity strongly depends on 

the monitoring time and is highest around 501 s. The average intensity sensitivity can be 

calculated as ~15.8 RIU-1. The phase differences of the reconstructed object waves correspond 

to the reflection phase shift differences.[67] From Figure 5b, we can see that the reflection 

phase difference exhibits a nearly linear fall when the mixture droplet volatilizes from the 0 to 

501 s, and then gradually rises. In the monitoring process, the phase sensitivity is lowest at the 

time of 501 s, which can be compensated by the highest intensity sensitivity.[59] The phase 

difference and normalized reflection exhibit stable changes with few fluctuations, verifying 

the stabilization of experimental measurement. To demonstrate the process of mixture 

volatilization, the holograms as well as reconstructed phase and intensity images at the time 

of 0, 501 and 999 s are plotted in Figure 5c-e. The holograms possess typical interference 

patterns, as depicted in the inset of Figure 5c. The intensity of hologram in the area of 

mixture droplet is relatively dark owing to the SPR excitation at first and then distinctly 

increases with the monitoring time. Moreover, the phase experiences a descending process 
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from 0 s to 501 s, and then increases from 501 s to 999 s (Figure 5d). As shown in Figure 5e, 

the reconstructed intensity of the mixture droplet first rises and then descends, which is in 

accordance with the holograms. Additionally, all the images show that the droplet shrinks 

because the ethanol volatilizes. These results agree well with the alternations of reflection and 

phase in Figure 5b. Also, it should be noted that the images of droplets are less distorted 

because of the relatively small incident angle. The measuring value of refractive index in the 

Sb2Te3-based SPR system can approach 1.454 when the incident wavelength is 640 nm 

(Supporting Information). The measurement range is improved by 24.4%, compared to those 

of the gold- and silver-based SPR systems. The improvement of measurement range will 

increase when the incident wavelength decreases and exceeds 50% at 400 nm wavelength. 

In summary, we have experimentally presented the generation of the SPR on the 

topological insulator Sb2Te3 film at visible frequencies. The results demonstrate that the 

Sb2Te3-based SPR can be effectively excited with the incident angle smaller than the 

traditional metal-based SPR. The experiment results are in good agreement with the 

theoretical calculations. Based on Sb2Te3-based SPR, we develop an impactful digital 

holographic system to significantly realize the real-time, full-view, distortion-reduced and 

nondestructive monitoring of near-field refractive index variation. It is found that the 

Sb2Te3-based SPR has the particular advantage of broader measurement range, compared with 

the traditional metal-based SPR. Our results not only reveal the plasmonic characteristics of 

the Sb2Te3 topological insulator at high frequencies, but also pave a new avenue for 

significant applications of topological insulators in photonics and optoelectronics, especially 

for environmental and biochemical sensing. 
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Experimental Section 

Growth and characterization of Sb2Te3 thin film: The Sb2Te3 thin film is grown by the atomic 

layer deposition (ALD) system, which enables to fabricate large-area optical films with 

nanometer precision at the relatively low temperature. Sb(OC2H5)3+3[(CH3)3Si]2Te→Sb2Te3+ 

6(CH3)3Si-OC2H5 is the chemical equation employed to synthesize the Sb2Te3 material.[52] For 

the precursor of the chemical material Sb(OC2H5)3, the injection (purge) time is set as 0.75 (9) 

s. For the precursor of 3[(CH3)3Si]2Te, the injection (purge) time is set as 0.1 (9) s. The 

precursor transport and substrate temperatures are controlled at 150 and 70 oC, respectively. 

The ALD growth time is set as 5 hours for the deposition of a 50 nm Sb2Te3 film. The SEM 

(FEI Quanta FEG 250) image is used to reveal the surface profile of the grown topological 

insulator film on the glass. The thickness of Sb2Te3 film can be verified by the AFM (Bruker 

Dimension FastScan) image. The Sb2Te3 stoichiometry of the film can be confirmed by 

Raman shift spectrum. The SPP-enhanced Raman spectrum cannot be generated when the 

laser beam directly impinges on the Sb2Te3 film. The crystallinity of Sb2Te3 film is confirmed 

by XRD (Shimadzu XRD-7000). 

Calculations of SPR angles: The glass substrate, matching liquid, prism can be treated as 

one layer due to their very close refractive indices. Thus, the Kretschmann configuration for 

the SPR generation can be regarded as a five-layer (air, Sb2Te3 surface layer, Sb2Te3 bulk layer, 

Sb2Te3 surface layer, and glass substrate) photonic structure. According to Maxwell's 

equations and boundary conditions of different optical layers,[68] the SPR excitation angle θi 

can be calculated by solving the equations 



13 

 

          

       

     

 

04 01 14 1 02 24 2 03 34 3

12 01 24 1 2 13 01 34 1 3 23 02 34 2 3

01 23 12 34 1 2 3

0 1 Q Q Q P Q Q P Q Q P

Q Q Q PP Q Q Q PP Q Q Q P P

Q Q Q Q PP P

       

     

 

            (1) 

                 
 
 

 
2

0

2

0

, 0,1,2,3,4
m eff n

mn

n eff m

k n
Q m n

k n

 

 


  


                    (2) 

                     2

0tanh 1,2,3m m eff mP d k n m    
 

                   (3) 

4

arcsin( ),
eff

i

n

n
                                     (4) 

where ε0 (=1), ε1 (=ε3=εs), ε2 (=εb) and ε4 (=n2≈2.3) are the dielectric constants of the air, 

Sb2Te3 surface layer, Sb2Te3 bulk layer, and substrate, respectively. k0=2π/λ is the wave 

number of incident light in vacuum. The thickness of topological surface state is considered 

as about 1.5 nm. [45,52] Thus, d1 (=d3=1.5 nm) and d2 (=47 nm) stand for the thicknesses of the 

surface and bulk states in the Sb2Te3 film, respectively. The external excitation angle θe can be 

obtained as 

 
   

   

4

4

45 arcsin sin 45 45

45 arcsin sin 45 45

o o o

i i

e
o o o

i i

n

n

 


 

    
  

 
     

.                   (5) 

FDTD simulations: The FDTD method is utilized to numerically simulate the SPR field 

distribution on the Sb2Te3 thin film. In the simulations, the perfectly matched layer absorbing 

boundary condition is set at the top/bottom of computational space.[69] The Bloch boundary 

condition is set at the right/left sides for the oblique incidence of light. To make the grids of 

surface layers in the Sb2Te3 film sufficiently fine, the non-uniform mesh is applied in the 

direction perpendicular to the Sb2Te3 film. The maximum mesh size is set as 0.2 nm in the 

surface layers. In the direction parallel to the Sb2Te3 film, the mesh size is uniformly set as 5 

nm. The dielectric constants of surface and bulk layers in the Sb2Te3 film are separately 

imported into the simulation models. 
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Figure 1. Deposited Sb2Te3 topological insulator film and dielectric constants of Sb2Te3 

material. (a) Schematic illustration of the Sb2Te3 topological insulator thin film grown by 

ALD deposition. The Sb2Te3 film is grown on the glass with a thickness of 50 nm (h=50 nm). 

(b) Real parts of wavelength-dependent dielectric constants of the Sb2Te3 material in the 

visible region, which are measured using the spectroscopic ellipsometer (J. A. Woollam Co.). 

The inset shows the surface-on-bulk model of Sb2Te3 topological insulator. 
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Figure 2. (a) Top-view scanning electron microscope (SEM) image of the Sb2Te3 film. (b) 

Atomic force microscope (AFM) image of the Sb2Te3 film with a part of naked glass. The 

white solid line denotes the position for AFM height measurement. The inset shows the 

heights of the film along the white line. (c) Raman spectroscopy of the Sb2Te3 film with 

impinging a laser beam with a wavelength of 532 nm. (d) Energy-dispersive X-ray 

spectroscopy (EDS) of the Sb2Te3 film. 
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Figure 3. (a) Experimental setup for the generation of SPR on the Sb2Te3 thin film. The inset 

depicts the rectangular prism with a Sb2Te3 film on glass slip. The external and internal 

incident angles of laser beam on the prism are θe and θi, respectively. Here, OFC: optical fiber 

coupler, EL: expanding lens, AS: aperture stop, CL: collimator lens, LP: linear polarizer and 

RP: rectangular prism. (b) Experiment results of light reflection in the Sb2Te3-based 

Kretschmann configuration with different incident angles θe at the wavelengths of 532 , 632.8, 

and 640 nm for the p-polarized light. (c) Excitation angles of the SPR on the Sb2Te3 thin film 

at different wavelengths. The curve and circles denote the theoretical and experimental data, 

respectively. The inset shows the simulation result of Ey field distribution in the Sb2Te3 film 

structure with obliquely illuminating a 640 nm plane wave at the angle of the SPR excitation. 
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Figure 4. Experimental setup of the developed common-path DH combining with the SPR on 

the Sb2Te3 thin film for the measurement of refractive index variation. Here, WP: Wollaston 

prism and CCD: charge-coupled device. The other symbols are identical with those depicted 

in Figure 2(a). The upper-right inset shows the prism with the Sb2Te3 thin film adhered by a 

mixture droplet. The lower-right inset depicts the light beam splitting of s- and p-polarized 

components through the WP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Droplet 

LP WP 
CCD 

EL 
AS 

CL 
LP 

Laser 

RP 

OFC 

s 

p 



24 

 

 

60 65 70 75 80

0.1

0.2

0.3

0.4
 Water

 

R
ef

le
ct

io
n

Angle 
e
 (degree)

 

0 200 400 600 800 1000

0.2

0.4

0.6

0.8

1.0

Time (s)

N
o
rm

al
iz

ed
 r

ef
le

ct
io

n

-130

-120

-110

-100

 P
h
as

e 
(d

eg
re

e)

 

   

 

 

 

 

Figure 5. (a) Reflection of the light beam at different incident angles in the Sb2Te3-based 

Kretschmann configuration with a deionized water droplet. (b) Normalized intensity 

reflection and phase shift difference of the reconstructed images at different time. (c)-(e) 

Holograms, reconstructed phases and reconstructed intensities when t=0 s, 501 s, and 999 s. 

The scale bar is 200 μm in (c). The inset in (c) depicts the zoom-in view of interference 

pattern for the hologram in the area of mixture droplet. 
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