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 This paper shows electromagnetic field uniformity in an electromagnetic 

compatibility (EMC) chamber that is used as a test facility for measuring 

electromagnetic interference and radiated immunity of 6G communication 

systems. While not defined yet, 6G radio frequency will work in the 

wavelength ranges above 95 GHz. With this reason, this paper designed a 

schroeder-type quadratic residue diffuser for 95 GHz to generate a uniform 

electromagnetic field in the EMC chamber and studied the field uniformity 

characteristics in it. To analyze the distribution of electromagnetic fields 

inside the EMC chamber, finite-difference time-domain (FDTD) numerical 

analysis method is used. The simulation results show that the EMC chamber 

with this diffuser satisfies the requirements of international standards and has 

improved the field uniformity in the chamber. 
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1. INTRODUCTION 

The future of 6G communication envisions an intelligent communication infrastructure that can 

connect virtual and physical realities without the constraints of time and space. This will be achieved by 

leveraging advancements in 5G communication performance, network intelligence, and communication 

coverage. To realize this vision, 6G communication will require technology characteristics such as hyperspace, 

ultra-intelligence, and supernova, in addition to expanding on 5G’s requirements for ultra-high speed, ultra-

low delay, and ultra-connectedness. While 5G communication services focused on performance requirements, 

the requirements for 6G communication services can be categorized into three areas: performance, structure, 

and reliability. For example, the maximum speed for 6G communication could reach up to 1,000 Gbps with a 

wireless delay of 100 microseconds. This would be 50 times faster than 5G communication, and the wireless 

delay would be reduced to 1/10th of that of 5G communication [1]–[3]. Advanced countries and companies 

worldwide are actively researching nine key technologies, including Tbps wireless communication, 3D mobile 

communication, intelligent wireless access, THz RF components, THz frequency, Tbps optical 

communication, 3D satellite communication, end-to-end ultra-precision networks, and intelligent mobile core 

networks. Among these technologies, the field of three-dimensional spatial mobile communication, which 

includes urban air mobility (UAM) and unmanned aerial vehicles (UAVs), is a new industry that has significant 

potential in the public sector. Therefore, comprehensive government-led efforts are required to facilitate its 

adoption. In addition to the development of Tbps-class super-performance communication technology, THz 

frequency research requires government policy support for frequency permission testing, frequency 

distribution and allocation, and safety research for research purposes [4]. In the network sector, government 

support is needed for industry-academic cooperation R&D to secure differentiated intellectual property rights 
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(IPR) and enhance the competitiveness of industries. 6G communication is expected to implement a super-

intelligent network that can operate autonomously and provide future intelligence services by applying artificial 

intelligence to the entire communication network. If commercialized, the ambient internet of everything (AIoE) 

which connects all environments beyond the internet of things (IoT) is also expected to become a reality.  

In preparation for this, the international electrotechnical commission (IEC) is developing a 6G mobile 

communication measurement standard. The IEC is working on establishing a measurement standard that can 

utilize the 6G frequency band, which covers more than 95-150 GHz and up to 300 GHz without issues. 

Electromagnetic compatibility (EMC) is a branch of electrical science that focuses on reducing the 

level of unwanted electromagnetic energy, known as electromagnetic interference (EMI), generated and 

propagated by electrical and electronic devices to an appropriate level. The suppression of electromagnetic 

disturbances to improve EMC is achieved through two methods: suppressing the emission of unwanted waves 

and reducing the sensitivity of electronic devices to unwanted waves. Devices that generate unwanted waves 

are called sources, while devices that are interfered with by unwanted waves are called victims or equipment 

under test (EUT) [5], [6]. To ensure EMC, methods such as suppressing unwanted waves of a source, increasing 

resistance in the design of a sensitive product, and reducing sensitivity through electromagnetic wave shielding 

are used. Recent electrical and electronic devices require higher technology to implement EMC compared to 

the past. This is because the first part has been digitized, operating at a lower voltage, and the introduction of 

nonconductive materials such as plastics has reduced the electromagnetic shielding capability of metal 

instruments in the past, and third, interference due to miniaturization and integration has increased.  

The international standard for ensuring EMC of electrical and electronic devices is IEC 61,000 established by 

the TC77 subcommittee of IEC [5], [6]. Many countries around the world operate EMC laws by applying these 

international standards according to their country’s circumstances. This paper researches and analyzes the 

electromagnetic field uniformity inside the chamber for the EMC test of 6G communication devices and 

facilities and proposes a schroeder-type quadratic residue diffuser to solve the problem of the existing EMC 

chamber and to improve the field uniformity in it. 

 

 

2. EMC CHAMBER 

Figures 1 and 2 briefly show the difference between SAC and EMC chamber. Unlike SAC, EMC 

chambers that use two stirrers have a wider measurement space because they do not attach an absorber to the 

wall and do not require periodic maintenance of the absorber. However, EMC chamber’s stirrer is also a bulky 

facility, so it occupies a certain space in EMC chamber [7], [8], and the maintenance cost of the step motor 

required to rotate the stirrer is also considerable [9], [10]. This paper proposes schroeder-type quadratic residue 

diffuser instead of EMC chamber stirrer to solve these problems as shown in Figure 3. Because the diffuser is 

small in size and can be easily attached to the wall, it does not occupy much space in the EMC chamber than 

the stirrer and does not incur maintenance costs because it is a fixture rather than a rotating body. 
 

 

  
 

Figure 1. Semi-anechoic chamber with absorbers 
 

Figure 2. Typical EMC chamber with two stirrers 
 

 

 
 

Figure 3. Proposed EMC chamber with schroeder quadratic residue diffuser 
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3. SCHROEDER QUADRATIC RESIDUE DIFFUSER 

As mentioned above, this paper proposes to apply the schroeder quadratic residue diffuser to the EMC 

chamber instead of the existing stirrer to secure a wider measurement space within the EMC chamber, ease of 

installation of the device, and reduced maintenance costs. The (1) is a quadratic residue method to obtain a 

residue. Here, n is an integer from zero to (N-1), γ is a maximum integer satisfying 0≤n2-γN, and N is a prime 

number. This sequence repeats N random numbers with N cycles [11]. This means that schroeder quadratic 

residue diffuser is always configured in a symmetrical shape. Therefore, in order to construct a more random 

form, this paper designs schroeder quadratic residue diffuser by (2). The result of (2) creates an asymmetric 

residue value and forms a more random form compared to (1) [11]. 

 

𝑆𝑛 = |𝑛2 − 𝛾𝑁| (1) 

 

𝑆𝑐 = |𝑛3 − 𝛾𝑁| (2) 
 

The structure of schroeder quadratic residue diffuser is determined according to the range of 

frequencies to be used, and in this study, a schroeder quadratic residue diffuser with a frequency range of 95 

GHz was designed in consideration of the test frequency to be numerically analyzed. In a schroeder quadratic 

residue diffuser, the width of the well w is determined by λmax (fmax) and the depth dn by λmin (fmin) [11].  

Figure 4 shows the shape of the schroeder quadratic residue diffuser designed for one cycle of the depth of the 

diffuser. 

 

 

 
 

Figure 4. Schroeder quadratic residue diffuser for 95 GHz 

 

 

4. FDTD SIMULATION 

Basically, the finite-difference time-domain (FDTD) method utilizes two finite difference equations 

modified by applying the maxwell differential equations to the space and time regions with a central difference 

method. In (3) and (4), the time differential operator 
∂

∂𝑡
 and the space differential operator 

∂

∂𝑢
 (where u is x, y, 

and z) are approximated as (5) because they both use the central difference method. 

 

∇ × �⃗⃗� = 𝜖
𝜕�⃗� 

𝜕𝑡
 (3) 

 

∇ × �⃗� = 𝜇
𝜕�⃗⃗� 

𝜕𝑡
 (4) 

 
∂

∂u
≅ 𝜕�̃� =

1

∆𝑢
(𝑠𝑢

+ − 𝑠𝑢
−) (5) 

 

Where 𝑠𝑢
+ and 𝑠𝑢

− are movement operators defined as following (6) and (7). 

 

𝑠𝑢
+𝐹(𝑢, 𝑣,⋯ ) = 𝐹 (𝑢 +

∆𝑢

2
, 𝑣,⋯ ) (6) 
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𝑠𝑢
−𝐹(𝑢, 𝑣,⋯ ) = 𝐹 (𝑢 −

∆𝑢

2
, 𝑣,⋯ ) (7) 

 

In the FDTD algorithm, the electric field and the magnetic field are updated every hour. On the other 

hand, the FDTD calculation has numerical variance characteristics because it was discretized by the central 

difference approximation. In the time and space generated by the central difference approximation, the error 

has a secondary accuracy that decreases. Therefore, to minimize the numerical variance characteristics, Δx, Δy, 

and Δz should be less than at least 1/10 of the wavelength at the maximum frequency of the pulse. Meanwhile, 

since the FDTD algorithm has a positive function form, Δt must satisfy the courant-friedrick-lewy (CFL) 

stability conditions [12]–[14]. 

In order to investigate the internal electromagnetic field distribution of the EMC chamber to which 

the schroeder quadratic residue diffuser was applied, the simulation was performed using the FDTD numerical 

analysis method. The simulation software was interpreted using remcom’s XFdtd simulation tool and the  

Yee algorithm is applied, using a finite difference equation to interpret the field of electromagnetic field for 

time and space [15]–[18]. The vector of (3) and (4) can be expressed as six scalar equations in rectangular 

coordinate system as shown in Figure 5. If each component of the electric field and magnetic field shown in 

the Yee spatial grid is approximated by a central difference over time and space, ampere’s law and Faraday’s 

law can be expressed by discrete equations [18]. The EMC chamber shall have an appropriate size to maintain 

the multi-mode electromagnetic environment, which is closely related to the lowest usable high frequency 

(LUF) to satisfy the field uniformity of the EMC chamber. Therefore, the test frequency was set to 95 GHz in 

consideration of the cutoff frequency and diffuser design, and the size of the Yee cell was set to ∆x, ∆y, and ∆z 

=0.01 m in consideration of the frequency. To satisfy the CFL stability conditions, the discrete time was set to 

19.25 ps (=∆t) and the total number of time intervals was set to 25,000 [19]–[22]. In this paper, the size of the 

EMC chamber was set to 95∆x×95∆y×95∆z, and the source for field generation was set to-y polarity in cells 

(48, 82, and 48) as a 1 V sinusoidal point source. The EMC chamber was modeled with a perfect electric 

conductor (PEC) cell, and the diffuser medium and external boundary conditions were also set to PEC [23]–

[27]. The schroeder quadratic residue diffuser was applied to the center of the start (y=0) portion of the x-z 

plane inside the EMC chamber. To investigate the field distribution, a total of 80 test points, 16 per plane, were 

set on five test planes of the test volume, and the test space was determined by considering the definition of 

EMC chamber described in IEC 61,000-4-3 [5]. 

 

 

 
 

Figure 5. Yee cell 

 

 

5. RESULTS AND DISCUSSIONS 

For the analysis of the simulation results, data on the electric field intensity were extracted using 

MATLAB, and numerical analysis and statistical approaches were performed. When schroeder quadratic 

diffuser is applied to the EMC chamber, the result of the simulated electric field intensity distribution for the 

x-z plane at y=48 is shown in Figures 6 and 7. To analyze the effectiveness of the designed diffuser, the 

distribution of electric field strength within the EMC chamber to which the diffuser is applied and the EMC 

chamber to which diffuser is not applied was compared. 
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Figure 6. Electric field intensity distribution of EMC chamber without diffuser 
 

 

 
 

Figure 7. Electric field intensity distribution of EMC chamber with diffuser 
 

 

At the distribution shape of the electric field intensity in Figure 7, it can be seen that the difference in 

height of the distribution valley in the EMC chamber to which the diffuser is applied is reduced. This means 

that the field uniformity is improved. Using the numerical analysis results when schroeder quadratic diffuser 

is applied, the average value, standard deviation, maximum value, minimum value, and tolerance results for 60 

samples which are 75 % of the 80 field strength values in the test space shown in Figures 6 and 7 are as shown 

in Table 1. As shown in Figure 7 and Table 1, it can be seen that the uniformity of the field was improved when 

schroeder quadratic diffuser was attached to the same source, and the result satisfies the field uniformity within 

±6 dB required by IEC 61,000 international standards [4], [5]. 
 

 

Table 1. Electric field intensity (75% sampling) 
E [dBμV/m] Without diffuser With diffuser 

Mean -45.48 -29.13 

Standard deviation 9.16 2.79 

Maximum -54.64 -31.92 

Minimum -36.32 -26.34 

Tolerance [dB] 18.32 5.58 

 

 

6. CONCLUSION 

As a result of designing and simulating a Schroeder quadratic diffuser capable of spreading 

electromagnetic waves in a frequency 95 GHz band that is expected to deteriorate due to 6G mobile 

communication, mobile internet, and wireless local area network (LAN), which is preparing for 

commercialization, and also improved power efficiency. The biggest issue in this paper is whether EMC 

chamber to which the designed schroeder quadratic residue diffuser is applied has the same field uniformity as 

EMC chamber to which the stirrer is applied. It was confirmed that the applied schroeder quadratic residue 

diffuser showed field uniformity within ±6 dB tolerance, and the standard deviation characteristics were 

excellent at one or less, thereby satisfying IEC 61,000 international standards. 
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