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To solve the problems with coronary stent implantation, coronary artery stent surface was directly modified by 

three-beam laser interference lithography through imitating the water-repellent surface of lotus leaf, and uniform mi-

cro-nano structures with the controllable period were fabricated. The morphological properties and contact angle (CA) 

of the microstructure were measured by scanning electron microscope (SEM) and CA system. The water repellency of 

stent was also evaluated by the contact and then separation between the water drop and the stent. The results show that 

the close-packed concave structure with the period of about 12 µm can be fabricated on the stent surface with special 

parameters (incident angle of 3°, laser energy density of 2.2 J·cm-2 and exposure time of 80 s) by using the three-beam 

laser at 1 064 nm, and the structure has good water repellency with CA of 120°.  

Document code: A Article ID: 1673-1905(2016)03-0233-4 

DOI  10.1007/s11801-016-6023-4 

 

 

                                                        

∗   This work has been supported by the National Natural Science Foundation of China (No.81470024). 

∗∗  E-mail: liyongliang@cust.edu.cn 

The coronary artery stent implantation has become the 

first choice for the treatment of coronary heart disease 

(CHD) in the world currently. Although the equipment 

and medication are increasingly improved, in-stent 

restenosis (ISR) is still a major defect of stent implanta-

tion[1]. Due to the occurrence of restenosis, still more 

than 15% patients with coronary stent implantation will 

accept interventional therapy in a year[2]. Therefore, it is 

of great significance to develop a new type of coronary 

stent, which has low restenosis rate and can prevent late 

stent thrombosis. In recent years, the studies show that 

the biocompatibility of the materials could be increased 

by the biomimetic process of surface and coating[3-8]. 

Consequently, the preparing bionic surface with regular 

geometric structure is beneficial to the rapid, directional 

and orderly adhesion and the growth of endothelial cells, 

which can reduce the formation of restenosis and late 

thrombosis. 

Laser interference lithography (LIL) has been applied 

in many fields, such as solar cells[9,10], nano-scale pat-

terned sapphire substrate[11] and bionics[12,13]. And studies 

have shown that the minimum feature size of direct LIL 

can reach 27 nm (laser wavelength of 308 nm, pulse 

width no more than 10 ns)[14], which can fully meet the 

requirements of the process in this paper. Compared with 

other approaches, such as electron beam lithography, ion 

beam lithography and scanning probe lithography, which 

adopt the point by point writing strategy[15,16], LIL re-

duces the required processing time by using multi-beam 

simultaneously. In addition, the long focal depth and the 

maskless process of LIL lower the flatness requirements 

of substrate and can realize imaging on a non-planar sur-

face without affecting the resolution and image contrast.  

In this paper, LIL is used to modify the surface of 

coronary stent by imitating the water-repellent surface of 

lotus leaf. Test results show that the processed stent has 

good water repellency, which can achieve the desired 

effects. 

LIL is very suitable to process the coronary stent with 

the structure of mesh tubes, as shown in Fig.1. In the LIL 

method, the three-dimensional laser etching of materials 

was based on the energy distribution of multi-beam in-

terference on the materials surface[15]. The intensity dis-

tribution pattern generated by interference is transferred 

to the material to produce periodic structures. By con-

trolling the azimuthal angle, the polarization direction, 

the incident angle, the laser fluence, the exposure dura-

tion and other process parameters, we can utilize LIL 
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method to obtain micro-structures and nanostructures 

with particular size on the material surface[17]. 

 

 

Fig.1 Photo of the compressed and expanded coro-

nary artery stents 

 

We can describe the three-beam interference with the 

superposition of electric field vectors of three laser 

beams, and it can be expressed as 
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where Ai (i=1,2,3) is the amplitude, pi (i=1,2,3) is the unit 

polarization vector, k=2πλ-1 is the wave number, λ is the 

wavelength, ni (i=1,2,3) is the position vector, and 
i

φ  

(i=1,2,3) is the phase constant. When three laser beams 

are configurated symmetrically with the same incident 

angles and the TE-TE-TM polarization mode, Eq.(2) can 

be simplified as 
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where θ is the incident angle, x and y are the coordinates, 

and A1=A2=A3=A. 

Fig.2 shows the two-dimensional and three-  dimen-

sional intensity distribution of the three-beam laser in-

terference simulated by Matlab. 

According to the theoretical analyses and computer 

simulations, the period of the interference pattern de-

pends on the incident angle and the wavelength of laser 

beam, while the azimuthal angle also affects the period 

and the feature sizes of interference pattern[18]. And the 

critical feature sizes of the micro-structures and nanos-

tructures are related to the laser fluence and the exposure 

time during the fabrication process. Besides, the model 

of pattern depends on the number of beams, for instance, 

grate and moth-eye structures are achieved by two-beam 

and six-beam laser interferences, respectively[13,19]. 

 

 
(a) 

 
(b) 

Fig.2 Simulation results of (a) two-dimensional and (b) 

three-dimensional intensity distribution of three-beam 

laser interference with the incident angle of 3° and the 

period of 12 µm 

 

A three-beam interference system was built to produce 

the interference pattern for inducing concave structures 

on the stent surface. The structure is a direct consequence 

of the intensity modification[20]. Due to the high laser 

fluence, melt and evaporation behaviors of the laser ab-

lation are the main mechanisms to modify the surface[19]. 

With the interaction of the laser beams, water-repellent 

structures can be created on the stent surface. 

Baxter and Cassie[21] proposed the concept of composite 

contact during the study of water-repellent surface in nature. 

They think that the contact between the droplet and the 

rough surface is a kind of composite contact. Because the 

micro-structure scale of the surface is smaller than the 

droplet size, grooves on the rough surface cannot be filled 

with the droplets, and air is trapped under the liquid beads. 

So the contact surface between liquid and solid is composed 

of solid and gas[21], as shown in Fig.3. The contact angle 

(CA) of the composite surface can be expressed by the 

Cassie-Baxter equation as[21] 

1 1 2 2
cos cos cosf fθ θ θ= + ,                   (4) 

where θ1 and θ2 are the CAs of the flat solid and air sur-

faces, and f1 and f2 are the solid and air surface area frac-

tions, respectively. 
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Fig.3 Typical Cassie-Baxter model for wetting behav-

ior of a water droplet on the rough solid substrate 

 

In the experiment, highly ordered hydrophobic struc-

tures were fabricated on the surface of the coronary stent 

by laser lithography technology based on three-beam 

interference. Coronary stent used in the experiment was 

made of stainless steel. The laser source was a solid-state 

high-power pulsed Nd:YAG laser with the wavelength of 

1 064 nm, frequency of 10 Hz, pulse duration of 7 ns, 

pulse energy of 2 J and beam diameter of 9 mm. Quar-

ter-wave plates and polarizers were placed before the 

exposed sample to control the energy and polarization of 

each beam. All the experimental results were obtained in 

the air. 

Fig.4 shows the schematic diagram of a three-beam 

laser interference system. The laser beam passes through 

two beam splitters (BSs) and three high reflectivity mir-

rors, and then converges together to produce interference. 

The azimuthal angles of three laser beams are 
1

φ =0°, 

2
φ =120°, 

3
φ =240°, the incident angles are θ1=θ2=θ3=3°, 

and the polarization angles are set to be ψ1=ψ2=90°, 

ψ3=0°. 

 

 

Fig.4 Schematic diagram of a three-beam laser inter-

ference system 

 

Under the action of high power nanosecond laser, the 

stainless steel material melts and evaporates during the 

exposure process. Fig.5 shows the scanning electron mi-

croscope (SEM) images of the processed stent surface. 

The stent surface is covered by the concave structures, 

which largely improve the water-repellent capability. It 

can be seen from Fig.5(b) that the period of dots is about 

12.194 μm, and it has a good agreement with the theo-

retical analyses shown in Fig.2.  

   
(a)                           (b) 

Fig.5 (a) SEM images of the processed stent surface 

at low magnification; (b) Close-up image of concave 

structure at high magnification 

 

The theoretical CA of a water drop can be calculated 

according Eq.(4). In Fig.5(b), the area of concave struc-

ture is about 520 μm2, and the whole area is 803 μm2.The 

result value of f1 is 0.468. The water CA θ1 of the un-

treated stent surface is about 90°. According to Eq.(4), 

the water CA is about 120.9°. 

In the experiment, the laser energy density and expo-

sure time both have huge impact on CA. By choosing 

reasonable parameters, the water-repellent surface can be 

obtained. Here, the laser energy density is 2.2 J·cm-2, the 

exposure time is 80 s, and the final CA is 120°, as shown 

in Fig.6. 

 

   
(a)                           (b) 

Fig.6 Photos of a spherical water droplet (a) on the 

untreated stent surface with the corresponding water 

CA of 90°and (b) on the processed stent surface with 

the corresponding water CA of 120° 

 

In addition to the measurement of CA, we also use an-

other way to evaluate water-repellent capability of the 

processed stent surface, which is making the water drop-

let to contact with stent and then separate, meanwhile, 

observing stent surface adsorption of water droplet. Fig.7 

shows the test procedure taken by high speed camera. 

We can see from Fig.7 that no water-drop remains on the 

surface of the processed stent, which means the wa-

ter-repellent property of the stent is excellent. 

 

  
 



                                                                                 Optoelectron. Lett. Vol.12 No.3 ·0236· 

  
 

  

Fig.7 Process of contact and separation of water 

droplets from the stent 
 
In this paper, stent surface is directly modified by LIL 

based on a three-beam laser interference system. By se-

lecting the proper process parameters, highly ordered 

concave structures were fabricated with the period of 

12 μm. Test results show that this kind of the mi-

cro-structures has a relative high CA and low water ab-

sorption capacity. The theoretical and experimental re-

sults show that the water-repellent property of the coro-

nary stent is significantly improved, which can lay a 

foundation for new generation bionic coronary stent to 

solve the problem of restenosis and thrombosis. 
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