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Abstract 
We introduced a design of film-type transparent passive 

reconfigurable intelligent surface (RIS) to be functional for 

multi-incidence-reflection relation on mmWave communication. 

The metrology is based on the theory of diffraction equation and 

the phase distribution of meta-atoms in a phase array RIS for 

various angle of incidence. This design creates more flexibility for 

one single RIS to be deployed in sceneries to extend the coverage 

of mmWave network. 
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1. Introduction
With the upcoming fifth generation (5G) and beyond 5G (B5G)

millimeter wave (mmWave) network, it brings a low-latency [1]

and high-speed data transmission for mobile communication.

However, there is a significant path loss from atmospheric

influence such as atmospheric fluctuations, temperature, and

humidity [2]. To solve this problem, we may boost higher-power

in each base station or increase the base station density.

Energy management is an emerging issue in recent years. 

Therefore, RIS is introduced to assist the data transmission and 

coverage extension with normal power consumption and normal 

density of base station. [2-3] Reflected-type RIS (R-RIS) is like 

an imaginary mirror to redirect the EM-wave signal to abnormal 

reflection, and transmitted-type RIS (T-RIS) is an imaginary lens 

to redirect the wireless signal to abnormal transmission. The 

theoretical physics of R-RIS and T-RIS are based on the 

generalized Snell’s law equations, as below. [4]  
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Refraction : 𝑛𝑡 sin 𝜃𝑡 − 𝑛𝑖 sin 𝜃𝑖 =
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Meta-atom [5] is a plasmonic particle with spherical wave in 

reflection and in transmission. With proper design and selection 

to form a periodical meta-atom distribution, a radio wave can be 

redirected to the designated direction in the far-field. Most 

passive phase array RIS were designed for one specific incidence-

reflection condition [6-7] due to the wave-front distortion while 

the incidence-reflection relation changes, as shown in figure 1. 

Figure 1. Scheme diagram of wave-front distortion. 

In this study, we proposed a design of passive R-RIS to be 

functional for multi-incidence conditions. Two design cases were 

demonstrated. The film-type transparent RISs were fabricated and 

examined by measurement.  

2. Design
An electromagnetic wave simulation algorithm was developed to

calculate the theoretical near-field reflected phase for all meta-

atom candidates. The grating period (d) were selected to meet the

incidence-reflection requirements in figure 2. The incidence-

reflection relation was calculated by the diffraction grating

equation [4,8], as below.

sin 𝜃𝑖 + sin 𝜃𝑚 =
𝑚𝜆

𝑑
  (3) 

Figure 2. Incidence-Reflection relation of 2 phase arrays. 

In addition, a computer program was built to find out the less 

phase-sensitive meta-atoms to form the phase array in all required 

incidence-reflection relation (marked by dash circles in figure 2). 

Figure 3. Scheme diagram of meta-atoms deployment, 

phase distribution, incidence-reflection for 2 RIS (phase 
array1 and phase array2). 

The designed phase array 1 consists of 3 individual meta-atoms 

(MA1-MA3) with equal pitch (less than the wavelength of the 
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working frequency), and the designed phase array 2 consists of 

10 individual meta-atoms with equal pitch (MA1-MA10). A 

spherical wave array with gradually increased near-field phase 

were arranged in order. An electromagnetic wave simulation with 

Fraunhofer approximation was then conducted to ensure the 

main-lobe direction and to predict the theoretical intensity of 

beam-forming wave-front in the far-field distance. The wave-

front in the far field of each RIS acts like an imaginary mirror for 

guiding the incident EM-wave to the assigned direction, as shown 

in figure 3. The positive (+) sign stands for the angle in right-

handed side, and the negative (-) sign represents the angle in left-

handed side. 

3. Fabrication and Result
A passive RIS design was conventionally based on the Print

Circuit Board (PCB) manufacturing process. [6] For the purpose

of boosting up the transmission of a RIS in the visual (VIS)

wavelength region, we innovated a film-type RIS with layers of

polymer films. As shown in figure 4, a semi-transparent RIS and

a transparent RIS were developed with transmittance over 65%

and over 75%.

Figure 4. Semi-transparent and transparent RIS 

A transmit(TX)-RIS-receive(RX) measurement was conducted to 

examine the actual performance of two RIS (phase array 1, phase 

array 2). The TX antenna provides a mmWave radioactive signal 

(25.5GHz-30.5GHz). The RX antenna was assigned to capture 

the reflective signal scattered from the RIS. Both TX and RX 

were controlled and monitored by a network analyzer.  

Figure 5. Experimental results of angular Insertion Loss 

for (phase array1) and (phase array2) at various incidence 
conditions. 

The angular insertion loss (S11) of (phase array1) and (phase 

array 2) at 28GHz was illustrated in figure 5. The main lobes of 

reflected fields for all incidence cases are notably occurred at the 

same angles predicted in the figure 2. Furthermore, the 28GHz 

radio wave from incidence (−60°, 0°, 10° ) were respectively 

redirected to reflection  (9°, −46°,−61°) via  phase array 1, and 

the 28GHz radio wave from incidence (−45°, 30°, 40°) were 

respectively redirected to reflection (28°,−47°,−61°) via phase 

array 2. 

4. Conclusion
Two passive RIS design were demonstrated by the theory of

grating diffraction and the plasmonic property of metasurface.

The reflected phase of each meta-atom was calculated via a near-

filed electromagnetic algorithm, and the theoretical performance

of the phase array was predicted via a far-field wave simulation.

These two film-type RIS with high transparency in VIS were

fabricated and proved to be functional for multi-incidence-

reflection conditions. After all, we may take the advantage of the

multi-incidence-reflection relation of a single RIS to extend the

coverage of mmWave network in scenario, as shown in figure 6.

Figure 6. Indoor Scenario of RIS deployment to extend 

coverage of mmWave network. 
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