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Abstract 
 

Realization of a non-interfering and equally strong multi-

channel MIMO communication in the near-field regime is 

presented. This is achieved by introducing decoupling and 

matching networks that optimize the transmitted power. A 

demonstration of such communication is given for by a 

simple 2 × 2 MIMO configuration whose transfer matrix 

is obtained from full-wave electromagnetic simulations.  

 

1. Introduction 
 

The exponential increase in the total number of transistors 

in electronic integrated circuits has proportionally in-

creased the computing power of smart devices [1]. None-

theless, in recent years the increase in computation capa-

bilities has been slower than expected, mainly due to the 

use of hard-wire interconnects between chips and compo-

nents, which becomes the bottleneck in the performance 

of the chips themselves [2].  

 

Different kinds of interconnect have been proposed to 

solve this issue such us replacing wires or transmission-

lines in the circuit board by optical fibers [2]. While it 

may solve the problem in some cases, the implementation 

of optical fiber interconnects may not be as attractive in 

the presence of weight constraints or in harsh environ-

ments, such as in space when considering satellite appli-

cations. This leads to a pursuit of implementing an intra-

inter chip wireless communication [3-5]. Such challenges 

motivate the recently assembled European consortium 

under NEMF211, which is tasked to bring forward a new 

technological platform for chip-to-chip communications 

[6].  

 

In this paper, we report a MIMO communication system 

with strongly coupled antenna elements down to the reac-

tive near-field regime. To optimize the power transmitted 

and to isolated the antenna component from the other 

network components, we introduces a decoupling and 

matching network on both the transmitting and receiving 

sides. Furthermore, by applying information communica-

tion theory, we investigate the existence of equally strong 

                                                 
1 [http://www.nemf21.org/] 

and non-interfering multichannel communication of this 

system. 

 

The paper is organized as follows; Section 2 describes the 

problem of a MIMO communication in the near-field re-

gime, the matching and decoupling network to optimize 

the transmit-and-received power, the existence of non-

interfering and equally strong multichannel communica-

tion. A demonstration is given in section 3 through a full-

wave electromagnetic simulations of dipole antenna ar-

rays configured as a 2 × 2 MIMO system.        

 

2. Near-field MIMO Communication 

 
Figure 1. Schematic illustration of a 𝑁  transmit and 

receive MIMO near-field communication system. 

 
In this paper, we consider a MIMO communication 

scheme with 𝑁 antenna transmitters being independently 

driven by 𝑁  signal generators and 𝑁  signal receivers at 

near-field separation distances between antenna arrays, as 

illustrated in Fig. 1. As such, it can be modelled by the 

impedance matrix [7],  

[
𝒖𝑡

𝒖𝑟
] = [

𝒁11 𝒁12

𝒁21 𝒁22
] [

𝒊𝑡

𝒊𝑟
], (1). 

where we have partitioned the transmitter and receiver 

parameters. The vectors 𝒖𝑡/𝑟  and 𝒊𝑡/𝑟  contain phasors of 

the 𝑁  transmiter and 𝑁  receiver voltages and currents 

respectively; the impedance matrix 𝒁𝑖𝑗  is a 2𝑁 × 2𝑁 ma-

trix comprised of the coupled impedance parameters be-

tween antenna elements, which can be obtained either 

numerically or experimentally.  

 

As these antenna elements are positioned within their mu-

tual near-field of each other, we have the case of a strong-

ly coupled problem. This alters the designed matching 

condition; hence, it becomes necessary to perform a 



matching procedure in order to maximize the power trans-

fer from the transmitter to the receiver, followed by de-

coupling process to separate the generator (and other 

components) from the rest of the system when operated.       

 

2.1 Matching and Decoupling Networks 

 
Figure 2. A linear multiport model of antenna system 𝒁, 

with multiport generator 𝒁𝑮  and a multiport load 

impedance 𝒁𝑳.  

 

To maximize the power transfer between the transmitter 

and the receiver-side, the network should be matched as 

such [7], 

𝒁in = 𝒁𝐺
†       and     𝒁out = 𝒁𝐿

†, (2). 

where, † denotes the Hermitian conjugation operator and 

𝒁in/out is the input and output impedance parameter from 

the generator and load sides as illustrated in Fig. 2. The 

matching network impedances 𝒁in  and 𝒁out  can be ob-

tained numerically by solving the coupled transcendental 

equations,  

𝒁𝐺
† = 𝒁11 − 𝒁12(𝒁22 + 𝒁𝐿)−1𝒁21

𝒁𝐿
† = 𝒁22 − 𝒁21(𝒁11 + 𝒁𝐺)−1𝒁12.

 (3). 

 

Upon calculating the input/output impedance (3), the op-

timum multiport-generator network 𝒁𝐺  can be replaced by 

the uncoupled generator with an internal resistance 𝑅 by a 

reciprocal, linear and passive network 𝒁MT  as shown in 

Fig. 3. Since 𝒁MT  serves as a decoupling and matching 

network, henceforth it will be referred to as a DMN net-

work. 

 
Figure 3. A passive matching network 𝒁𝑴𝑻 transforming 

the impedance of a multiport generator with impedance 𝑹 

to the optimum input impedance 𝒁𝑮
†

.  

 

From Fig. 3, the matrix 𝒁MT interfaces each of the indi-

vidual generators to the transmitting antennas described 

by  

[
𝒖1

𝒖𝑡
] = 𝒁MT [

𝒊1

−𝒊𝑡
], (4). 

which, by a direct calculation the entries of 𝒁MT , are 

shown to be related by  

Im(𝒁11
MT)Im(𝒁22

MT) − 𝑗Im(𝒁11
MT)𝒁𝐺

† − 𝑗𝑅Im(𝒁22
MT)

− 𝑅𝒁𝐺
† + Im(𝒁11

MT)2 = 0. (5). 

It can be shown from (5) that there are infinitely many 

possible 𝒁MT designs which satisfy this condition. One of 

those possible networks is given as, 

𝒁MT = 𝒋 [
𝟎 √𝑅(Re{𝒁𝐺

† } )
1/2

√𝑅(Re{𝒁𝐺
† } )

1/2
−Im{𝒁𝐺

† }
]. (6). 

 

By performing a similar procedure on the receiving-side, 

the DMN 𝒁MR, which is illustrated in Fig. 4, is given by  

𝒁MR = 𝒋 [
−Im{𝒁𝐿

†} −√𝑅(Re{𝒁𝐿
†} )

1/2

−√𝑅(Re{𝒁𝐿
†} )

1/2
𝟎

]. (7). 

 

Upon, cascading the DMN 𝒁MT , the antenna 𝒁, and the 

DMN 𝒁MR  with the appropriate termination condition, 

one can obtain the channel matrix 𝑯  which relates the 

voltages at the generator and the receiver sides, 𝒖 and 𝒖𝐺 

(see Fig. 3 and 4) as, 

𝒖 = 𝑯
𝒖𝐺

𝟐
, (8). 

which by direct calculation, can be shown to be  

𝑯 = (Re{𝒁𝐿
†})

1/2
(𝒁𝐿 + 𝒁22)−1𝒁21(Re{𝒁𝐺

† })
−1/2

. (9). 

Note that, the channel matrix 𝑯 which relates the end-to-

end voltages is dimensionless and is an 𝑁 × 𝑁 size ma-

trix.  

 
Figure 4. Passive matching network 𝒁𝑴𝑹  transform-ing 

the impedance of multiport uncoupled load re-sistance 𝑹. 

 

2.2 Non-interfering orthogonal channels 
 

In (9), we have derived the relation between the two in-

formation observables 𝒖 and 𝒖𝐺 by the channel matrix 𝑯. 

Because of the matching step (2), the channel matrix 𝑯 

serves as the optimum channel which maximizes the 

power transfer from the generator to the receiver load for 

the specific system considered. The received power 𝑷𝑅 

and the transmitted power 𝑷𝑇 power are given by,  

𝑷𝑅 =
𝒖†𝒖

𝑅
=

𝒖𝐺
† 𝑯†𝑯𝒖𝐺

𝑅
      and     𝑃𝑇 =

𝒖𝐺
† 𝒖𝐺

4𝑅
, (10). 

with the channel power gain given by  

𝒁G
†  𝒁𝑀𝑇 

𝒁𝑀𝑅 



𝐺 = max
𝑃𝑅

𝑃𝑇

= max
𝒖G

𝒖𝐺
† 𝑯†𝑯𝒖𝐺

𝑅
= max

eigval
(𝑯†𝑯). (11). 

 

The channel matrix 𝑯  considered here is, for an equal 

number 𝑁 of transmitting and receiving antennas, such it 

can support a maximum of 𝑁 strong channels. To deter-

mine the number of independent channels, we perform a 

singular value decomposition (SVD) on the channel ma-

trix 𝑯 [8,9], as  

𝑯 = 𝑼𝚺𝑽†,          𝚺 = [
𝑠1

⋱
𝑠𝑁

], (12). 

where  

𝑼𝑼† = 𝑼†𝑼 = 𝟏,     𝑽𝑽† = 𝑽†𝑽 = 𝟏 (13). 

are two unitary matrices whose individual  columns form 

the orthonormal basis of both the transmitted and received 

signal. The diagonal matrix 𝚺  denotes the non-negative 

singular values of the channel matrix 𝑯 ordered as  

𝑠1 ≥ 𝑠2 ≥ ⋯ ≥ 𝑠𝑁 . (14). 

Using (12) and (13) to calculate the channel power gain, it 

can be shown that the gain is related to the singular values 

of 𝑯 by 

𝐺 = 𝑠1
2, where 𝑠1 = max(𝑠)  (15). 

Ideally, it is preferable for all the available 𝑁 channels to 

have an equal gain which requires that all the singular 

values to be equal, i.e.  

𝑠1
2 = 𝑠2

2 = ⋯ = 𝑠𝑁
2 . (16). 

Hence, with the condition (16) one achieves non-

interfering and equally strong multichannel communica-

tion system.  

 

3. 𝟐 × 𝟐  MIMO Near-field Communication 

using Dipole Antennas  
 

In the previous section, we have presented the stages in-

volved in designing the DMN network in order to achieve 

an optimal transmission channel. Furthermore, we also 

described the conditions for achieving a non-interfering 

communication with 𝑁  equally strong channels. In this 

section, we demonstrate its application on half wave-

length dipole antennae.  
 

For definiteness, we consider a 2 × 2 transmitter and re-

ceiver MIMO configuration using a simple half-

wavelength (total length) dipole antenna. An analytical 

description of the impedance parameter is well-described 

by the induced EMF method [7]. To demonstrate that 

these antennas are strongly coupled with each other in the 

near-field regime, we perform a full-wave numerical sim-

ulation using the commercially available FDTD software 

package EMPIRE XPU [10]. Figure 5 illustrates the geo-

metrical description of the MIMO system considered. 

 
Figure 5. Four half-wavelength dipole antennas con-

structed by the geometry builder in the EMPIRE XPU.   

 

In Fig. 5, we have labeled antennas 1&2 as the transmit-

ting antennas and 3&4 as the receiving antennas. The dis-

tance 𝑑  denotes the separation between the transmitter 

(receiver) antennas and 𝐷 denotes the separation between 

the transmitter and receiver antenna arrays. Both the dis-

tances 𝑑 and 𝐷 are in the near-field regime (𝑑, 𝐷 < 𝜆0), 

where 𝜆0 is the operational frequency of the antenna un-

der consideration. It is noted here that, as modelled in the 

full-wave FDTD simulation, the radius of the antenna is 

very small compared to the wavelength, i.e. 𝑎 = 0.02𝜆0, 

while the induced EMF method assumes an infinitesimal-

ly thin wire. In the FDTD simulation, to ensure a fast 

simulation with a good accuracy, a graded-mesh is used 

with the maximum mesh parameter of 𝜆0/25 with at least 

five discretization points on the thin wire antennas.     

 
Figure 6. Input impedance of the coupled antennas 𝒁 , 

dashed lines are based on the induced EMF approx-

imation and solid lines are calculated by the full-wave 

FDTD simulator.   

 

The impedances obtained from the full-wave FDTD simu-

lation shows a deviation around the result calculated from 

the approximate induced EMF method as shown in Fig. 6. 

Since the approximate EMF method calculates the imped-

ance parameter in the absence of the other antenna [7], the 

deviation observed in the FDTD simulation are due to the 

strong interaction between antenna elements in very close 

proximity. It can be further seen that the deviation in-

creases as the distance 𝐷 decreases. This strong deviation 

at the near-field regime has also been reported in [11]. 

Upon solving the transcendental equation (3) numerically 

and by calculating the matched input and output imped-

ance matrices, one can obtain, using (9), the channel ma-

trix 𝑯, whose singular values are plotted in Fig. 7.   

1 
2 3 4 



 
Figure 7. The channel gain 𝑠2  plotted as a function of 

separation distance 𝐷.   

 

Figure 7 depicts the channel gain (15) as the squared 

magnitude of the singular values of the channel matrix 𝑯. 

In general, the channel power gain 𝐺 decreases as the dis-

tance increases, which signifies that the communication 

power efficiency degrades. Note the equal gain condition, 

at the crossing of the two singular values of 𝐷 =
0.3431𝜆0 . Operation at this point leads to an equally 

strong two-channel independent channel operation.    

 
The performance of the system is now analyzed in terms 

of the scattering parameters in Fig. 8. In the presence of 

decoupling and matching networks, there is no reflected 

power at the ports at the transmitting side, i.e. |𝑆|11 and 

|𝑆|21 are both zero whilst there is a prominent back reflec-

tion in the absence of DMN networks. Figure 8 compares 

the magnitude of the scattering parameters of the system 

in the presence and in the absence of decoupling and 

matching parameters. For clarity in all cases only the 

FDTD result are shown. Figure 8(a) and (b) show the 

magnitude of the reflection and transmission coefficient 

respectively.   

 
Figure 8. Comparison of the scattering parameter |𝑺| 
calculated in presence and absence of decoupling and 

matching networks.   

 

4. Conclusion 

 
Systematic procedures, which involve decoupling and 

matching between system components, to obtaining an 

optimum transmission of a MIMO communication system 

in the near-field regime are presented. The possibility of 

achieving a non-interfering and equally strong multi-

channel communication is analyzed by evaluating the 

singular values of the channel matrix with the aid of full-

wave electromagnetic simulations. It is further demon-

strated using a 2 × 2 half-wavelength dipole MIMO sys-

tem.   
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