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Abstract 
 

Artificial magneto-dielectric materials have enabled 

antenna miniaturization without loosing much gain or 

bandwidth and are especially promising for low-loss 

microwave applications where natural magnetic materials 

are too lossy to be used. In this paper, an artificial 

magneto-dielectric resonator antenna (AMDRA), based 

on a very low permittivity dielectric, with split ring 

resonators (SRRs) is studied. The effects of SRR 

arrangements and SRR gap locations on antenna 

performance and miniaturization capability are 

investigated. Comparison of SRR loaded AMDRAs and 

an unloaded reference DRA, operating at the same 

frequency as the loaded antenna, made of very high 

permittivity dielectric, shows that a maximum 

miniaturization of 21.8× can be achieved with a 3-layer of 

single large SRRs, while miniaturizations of 6× and 9.8× 

can be achieved with a 3-layer of 3∗3 and 3-layer of 2∗2 

SRRs, respectively. Simulation results also show a wider 

bandwidth can be obtained when the SRR gaps are placed 

on the right side of SRRs due to the merged adjacent 

modes.   

 

1. Introduction 
 

Small antennas are of great interest in many applications 

due to their light weight and compactness. However, 

antenna size is reduced at the expense of decreased 

bandwidth or decreased efficiency, or both [1] [2] [3]. 

Thus, the essential problem with miniaturization is to 

develop a miniaturization technique that allows the 

miniaturized antenna to work as well as or to be at least 

comparable to a normal sized antenna. It has been 

reported that magneto-dielectric materials (𝜇𝑟 > 1, 𝜀𝑟 ≥
1 ) can provide more bandwidth than pure dielectric 

materials ( 𝜇𝑟 = 1, 𝜀𝑟 ≥ 1 ) [4] [5]. However, natural 

magnetic materials are not usable at microwave 

frequencies due to their unacceptably high loss [6]. In 

order to address this issue, there has been a need to 

develop a material that replicates the magnetic behavior of 

a natural magnet, but not its loss mechanisms. 

 

The high permeability in a natural magnet is mainly due 

to the orbital currents created by orbiting electrons [7]. By 

using synthetic means, a non-magnetic material can 

obtain high permeability if such orbital currents can be 

induced. Such currents can be created by embedding loop-

like metallic rings in a host medium. To obtain maximum 

permeability, the magnetic field should be aligned with 

the axes of the current loops [6]. The induced 

permeability can be expressed as: 

 

 𝜇 =  𝑁𝐼𝐴 (1) 

where N, I, and A are the number of rings, the current 

flowing in the ring, and the area enclosed by the ring, 

respectively.  

 

From (1), it is obvious that permeability can be adjusted 

by varying ring parameters. In [8], a dielectric resonator 

antenna has been effectively miniaturized by using split 

ring resonator (SRR) inclusions, and the ring parameters, 

such as SRR length, trace width and SRR gap, are shown 

controlling the miniaturization capability [9]. In this 

paper, different arrangements of SRRs and SRR gap 

locations will be investigated.   

 

In [9], it is demonstrated that a larger split ring can 

provide more antenna size reduction due to the increased 

area, given the same ring number and trace width. 

However, a larger ring can also lead to a decrease in the 

number of rings that can be fit in a dielectric resonator 

antenna of a fixed size. Moreover, the increase in the ring 

size shifts the resonant frequency of the ring to a lower 

frequency, which makes the situation too complicated for 

one to analyze solely based on (1). Therefore, DRAs with 

different SRR arrangements are studied in HFSS in 

section 2. In section 3, an antenna performance 

optimization and investigation of SRR gap locations are 

carried out for the antenna with the maximum 

miniaturization. 

 

2. DRAs with Split Rings of Different 

Arrangements 
 

The main idea of this paper is to design a low-permittivity 

(𝜀𝑟=2.2) dielectric resonant antenna by using embedded 

split ring resonators to induce permeability (and 

permittivity). The miniaturization capability are evaluated 

by comparing the SRR loaded DRA with a conventional 

DRA that has the same physical size and resonant 

frequency. The more detailed process is described bellow.  

 

2.1 Miniaturization Capability Evaluation 

Method 



In order to evaluate the miniaturization capability of SRR 

loaded DRAs, a conventional dielectric resonator antenna 

with the same physical size as the loaded antenna, made 

of pure dielectric materials, are designed by choosing an 

appropriate permittivity such that the loaded and unloaded 

antennas operate at the same frequency. The 

miniaturization capability can be easily found by 

comparing two antennas refractive index, n. The 

derivation is shown below: 

 

𝜆 ∝
1

√𝜇𝑟𝜀𝑟

=
1

𝑛
 

(2) 

𝜆𝐴𝑀𝐷𝑅𝐴 = 𝜆𝐷𝑅𝐴 (3) 

𝑛𝐴𝑀𝐷𝑅𝐴 = 𝑛𝐷𝑅𝐴 = √𝜀𝑟𝐷𝑅𝐴 (4) 

𝑛ℎ𝑜𝑠𝑡 𝐷𝑅𝐴 = √2.2 (5) 

Miniaturization Capability =
√𝜀𝑟𝐷𝑅𝐴

√2.2
 

(6) 

where 𝜆𝐴𝑀𝐷𝑅𝐴 and 𝜆𝐷𝑅𝐴  are wavelengths of the loaded 

DRA with SRRs based on Rogers RT/duroid 5880 (low 

permittivity, 𝜀𝑟 =2.2) and unloaded DRA based on high 

permittivity materials. 

 

2.2 Effect of SRR Arrangement on SRR 

Loaded DRAs 
 

The host dielectric resonator antenna, as shown in Figure 

1, is made of a pure dielectric material, Rogers RT/duroid 

5880, with very low permittivity of 2.2 and loss tangent of 

0.0009, placed on a copper ground of λ * λ. The length, 

width, and height of the DRA are 15mm, 0.762mm and 

15mm, respectively. In order to investigate the effect of 

SRR arrangements on the miniaturization performance of 

a SRR loaded antenna, a 3-layer of 3*3, 2*2 and 1*1 

SRRs are embedded in the host antenna, respectively, as 

shown in Figure 2.  

 

  
 

Figure 1. Host DRA, made of a pure dielectric material 

with permittivity 𝜀𝑟 = 2.2. 
 

Since the height of the feeding probe also has an effect on 

the antenna, 3 different probe heights, 5 mm, 10 mm, 15 

mm, are investigated for all three antennas. Figure 3 (a), 

(b), and (c) show that in order to have an unloaded DRA 

resonant at the same frequency as the loaded DRA with 3-

layer of 3*3, 2*2, and 1*1 SRRs, the dielectric constant of 

the DRA has to be 80, 210, and 1050, respectively. In 

other words, the one with in large SRRs provides a 

maximum miniaturization of 21.8x based on the defined 

miniaturization capability, while the one with 3*3 and 2*2 

provide 6x and 9.8x miniaturization, respectively. It is 

also worth noting that an increase in probe height results 

in more size reduction and a much wider bandwidth for 

3*3 SRR loaded DRA, while a less miniaturization and 

slight bandwidth are observed for 2*2 SRR loaded DRA. 

The probe height has little effect on the large SRR loaded 

DRA in terms of resonant frequency, bandwidth and 

efficiency. However, it is true for all three cases that a 

longer probe leads to a higher level of cross-polarization. 

Therefore, the probe height should be kept as short as 

possible to reduce cross-polarization. 

 
(a) 

 
(b) 

 
(c) 

Figure 2. Front and left side views of a DRA with (a) a 3-

layer of 3*3 SRRs, (b) 2*2 SRRs and (c) one large SRR.  

 



Table I shows the performance of the three loaded 

antennas. It is obvious that the antenna become more 

compact when the ring becomes bigger. However, as 

expected, the antenna size reduction comes with a trade-

off of antenna performance, although it is still reasonably 

good for such a small antenna.  

TABLE I.  PERFORMANCE OF LOADED DRAS WITH 

DIFFERENT SRR ARRANGEMENTS AND PROBE HEIGHTS 

SRR 

Arrangemnt 

hprobe 

(mm) 

fr 

(GHz) 

BW 

(%) 

Gain 

(dBi) 

Dir. 

(dBi) 
 

(%) 

3*3  

5 4.289 2.82 6.62 7.11 89.48 

10 4.206 5.16 5.87 6.05 96.04 

15 3.896 8.00 4.65 4.78 96.93 

2*2  

5 2.684 1.01 5.04 6.87 65.52 

10 2.721 1.18 5.32 6.63 73.92 

15 2.769 1.55 4.89 5.86 80.06 

1*1  

5 1.3286 0.62 3.15 6.84 42.78 

10 1.2968 0.59 3.23 6.60 46.00 

15 1.2884 0.59 3.15 6.42 47.09 

 
(a) 

 
(a1) 

 
(a2) 

 
(a3) 

 
(b) 

 
(c) 

 

Figure 3. Return loss of the SRR loaded low-permittivity 

(𝜀𝑟 = 2.2) DRA with (a) a 3-layer of 3*3 SRRs, (b) 3-

layer of 2*2 SRRs and (c) 3-layer of one large SRR. 

Black dashed curves demonstrate that very high-

permittivity materials, 𝜀𝑟 = 80, 210, and 1050 , have to 

be used in order to have the unloaded DRA operate at the 

same frequency as the 3 layer of 3*3, 2*2 and one large 

SRR loaded low permittivity DRA, respectively. (a1) 

Gain and directivity of a 3-layer 3*3 SRR loaded DRA 

with a probe height of 5 mm, (a2) 10 mm and (a3) 15mm. 

 

3. DRA with Large Split Ring Resonators 
 

As shown in section 2, the DRA with large SRRs can 

provide maximum miniaturization, however, at the 

expanse of reduced bandwidth and efficiency. It has been 

reported that the bandwidth and efficiency of a small SRR 

loaded antenna can be improved by increasing the SRR 

trace width or SRR gap, or both [8]. Thus, DRAs with 

large SRRs of various trace widths and gaps are studied.  



Table II shows the performance of the antenna with 

different SRR trace widths, 0.2 mm, 0.6 mm, 1.0 mm, 1.4 

mm and 1.8 mm.  

TABLE II.  LARGE SRR LOADED DRA OPTIMIZATION 

SRR 

width 

(mm) 

SRR 

gap 

(mm) 

fr 

(GHz) 

BW 

(%) 

Gain 

(dBi) 

Dir. 

(dBi) 
 

(%) 

0.2 0.2 1.2922 0.59 3.15 6.42 47.09 

0.6 0.2 1.3382 0.50 4.55 6.58 62.78 

1.0 0.2 1.3940 0.47 5.32 6.77 71.63 

1.0 1.0 1.5160 0.56 5.53 6.76 75.44 

1.0 3.0 1.5613 0.61 5.86 6.76 81.26 

1.0 5.0 1.6708 0.73 5.84 6.66 82.25 

1.0 7.0 1.8390 0.91 6.33 6.77 90.19 

 

Due to the asymmetry of the SRR gap with respect to the 

probe, different SRR gap positions, such as on the top 

(+z), bottom (-z), left (-y), or right (+y) side of the SRR, 

are investigated. Simulation results demonstrate that more 

directivity is expected when the gap is placed along the z-

axis, and more miniaturization can be achieved when the 

gap is placed at the bottom of the SRR (-z), i.e. close to 

the ground plane, while a wider bandwidth can be 

obtained when the gap is at +y, next to the probe, due to 

the adjacent modes emerging as shown in Figure 4. A 

2.4% bandwidth and 55% efficiency are obtained with a 

trace width of 0.2 mm, however, unlike the case with a z-

axis oriented gap, the bandwidth and efficiency do not 

increase with an increase in SRR trace width. A 3.5% 

bandwidth and average efficiency of 50% are observed for 

trace widths of 0.4 mm, 0.6 mm, 0.8 mm and 1 mm. 

 

 
 

Figure 4. DRA with +y oriented SRRs 

 

4. Conclusions 

 
A very low-permittivity dielectric resonator antenna with 

SRRs of three different arrangements is studied. It shows 

that the large SRR loaded DRA provides maximum 

miniaturization (nearly 22x) with a reduced bandwidth 

and efficiency, while the small SRR loaded DRAs provide 

less miniaturization (4 and 9.8x for 3*3 and 2*2 cases, 

respectively) but a reasonably wide bandwidth (8%) and 

very high efficiency (90%). The investigation of probe 

heights shows that an increase in probe height results in a 

higher cross-polarization level. Thus, it’s better to use a 

shorter probe and place it close to the antenna for a 

reduced cross-polarization. By increasing trace width, the 

efficiency of the large SRR loaded DRA can be 

significantly improved, while an increase in SRR gap can 

significantly improve both efficiency and bandwidth. The 

positions of SRR gaps are also investigated, and it shows 

that maximum miniaturization and higher directivity can 

be achieved when the gap is placed on the bottom of the 

SRR. For a wider bandwidth, the gap should be placed on 

the right side of the SRR, next to the probe. 
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